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INTRODUCTION. 

Economy in railroad construction demands permanent structures. Mate- 
rials must be used therefore which as far as possible are proof against the 
deteriorating and destructive influences of the éléments and of vibration, so as 
to resist corrosion, decay and fire, and the graduai weakening due to continuai, 
severe and constantly growing service. At the same time the materials must 
possess requisite strength for présent and future traffic combined with cheapness 
and facility of construction. 

The advent of reinforced concrète, possessing as it undoubtedly does in a 
marked degree ail thèse qualities combined with a wide range of possible uses 
and versatility of design, has been of the greatest importance to railroad engi- 
neers. 

To illustrate the best of présent day practice, The Atlas Portland Cément 
Company takes this opportunity to présent to the railroad world at large a 
brief treatise on concrète in railroad construction, with a view of giving a com- 
prehensive idea of the diversity of the concrète structures in actual existence 
on railroad Unes throughout the country and of the future possibilities of this 
material in the field of railroad engineering. 

Realizing that the treatment of this subject demanded the attention of an 
expert authority the work was entrusted to Mr. Sanford E. Thompson, M. Am. 
Soc. C. E., one of the foremost concrète experts in the country. The Atlas 
Portland Cernent Company, occupying as it does a somewhat unique position 
among cément manufacturers, with its wide réputation for a thoroughly uni- 
form and standard product, its sélection by the United States govemment to 
fumish 6,500,000 barrels for use in building the Panama Canal, and its immense 
productive capacity, — over 40,000 barrels per day — commends the book to its 
readers with tbe hope that it may prove a fitting sequel to the former publica- 
tions of the Company — ** Concrète Construction About the Home and on the 
Farm," "Reinforced Concrète in Factory Construction," and "Concrète in 
Highway Construction." 

THE ATLAS PORTLAND CEMENT COMPANY. 

New Edition, 
New York, January, 1915. 



PREFACE. 

In compiling this book it bas been tbe aim of tbe autbor and of tbe pub- 
lishers to cover as thorougbly as possible tbe entire field of tbe uses of concrète 
in railroad construction. Altbougb it is very fully illustrated, tbe pbotographs 
and drawings are presented not as mère pictures but to illustrate in détail tbe 
many points wbicb are continually occurring to tbe railroad officiais and tbeir 
engineers and designers. Witb tbis in view, typical structures of nearly every 
class are sbown, witb a sbort description of tbe essential features of design and 
construction of eacb. 

Tbe first cbapter contains a brief review of tbe qualities of concrète in com- 
parison witb otber materials for railroad construction and tbis is foUowed by 
a cbapter on design and construction designed to serve as a guide to tbe intel- 
ligent use of concrète. In tbe descriptive portion of tbe book, wbicb embodies 
fifteen cbapters, tbe foUowing subjects bave been treated: Bridges, Culverts, 
Piers and Abutments, Retaining Walls, Stations, Train Sbeds, Platforms, Coal 
and Sand Stations, Coal Trestles, Asb Handiing Plants, Roundbouses, Tum- 
table Pits, Signal Towers, Water Tank Supports, Bumping Posts, Power Sta- 
tions, Sbops, Warebouses, Grain Elevators, Storage Réservoirs, Docks, Tun- 
nels and Tunnel Lining, Cross Ties and Road Beds, Telegrapb Pôles, Trans- 
mission Towers, Posts and Fences. A number of miscellaneous illustrations 
of gênerai interest are sbown at tbe end of tbe book. 

AU illustrations bave been prepared especially for tbis book, tbe balf-tones 
being made from original pbotograpbs wbile tbe drawings were reproduced in 
tbe office of tbe autbor from tbe original plans fumisbed by tbe cbief engineers 
of tbe various railroads. 

In certain cases, wbere none of tbe designs of existing structures were suffi- 
ciently représentative in cbaracter, spécial designs bave been prepared. 

Tbe descriptive matter and drawings bave been compiled under tbe immé- 
diate direction of Mr. Cbester S. Allen of tbe autbor's engineering staff. The 
autbor also acknowledges tbe assistance of Prof. Frank P. McKibben in re- 
viewing tbe original designs. 

Tbe text and tbe drawings of eacb structure bave been referred to tbe offi- 
ciais of tbe railroad for tbeir approval. 

Tbe Atlas Portland Cernent Company, and tbe undersigned, désire to ex- 
press tbeir appréciation of tbe courtesies extended by tbe engineers of tbe 
various railroads and by tbe contracting companies wbo bave so kindly fur- 
nisbed plans and data for incorporation into tbe descriptive cbapters of tbis 
book. 

SANFORD E. THOMPSON, 

First Edition, 1909 Newton Higblands, Mass. 
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CHAPTER I. 



RAILROAD CONSTRUCTION. 

While the policy of European railroad engineers always h as been to build 
permanent structures, the necessity in the past of practising the strictest econ- 
omy in the original building of many of the railroads of this country bas led 
American engineers to exactly the opposite course, and as a resuit railroad 
structures built not many years ago were largely of timber; bridges were of the 
Howe trulss and lattice type, trestles of pile and timber construction, and stations, 
roundhouses and freight sheds véritable wooden fire traps. 

The increasing importance with the attendant increase of incomes of the 
railroads and the need for more permanent structures coupled with the improve- 
ments in iron manufacture resulted in the substitution of wrought iron struc- 
tures in place of the wood, and this material in turn was replaced by steel. But 
it was soon found that steel was by no means perfect, since structures built of it 
required careful inspection and continuai repairs and even then rust and gases 
had such a deteriorating efFect that the life of a steel bridge or building would 
probably be not over 30 or 40 years. 

In the past few years concrète bas had a marvelous growth, and in railroad 
construction perhaps more than in any other branch of engineering it bas been 
universally adopted as a building material. Not only is it replacing steel con- 
struction, but perhaps still more it bas taken the place of stone and brick ma- 
sonry not only for foundations but also for various structures above ground, 
such as retaining walls, bridges, coaling stations, signal towers, and in fact many 
of the smallest détails. 

COST. 

While the cost of concrète construction is invariably higher than wood, it 
is almost always considerably less than stone masonry and will not greatly, if 
at ail, exceed steel in first cost. 

The maintenance costs of a concrète structure are practically neglible and 
it has been estimated that the élimination of painting costs alone warrants an 
initial expenditure of from 10 per cent to 15 per cent over the first cost of a 
steel structure. 
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SAFETY. 

When well designed and properly constructed, a reinforced concrète struc- 
ture will be safe for ail time, since its strength increases with âge, the concrète 
growing harder and the bond with the steel becoming stronger. 

In building such a structure, it is of the utmost importance that the plans 
and spécifications should' be foUowed absolutely and that work should be en- 
trusted only to men of undoubted expérience in this line of construction. 



DURABILITY. 

While Steel and wooden structures grow weaker from rust and decay a 
concrète structure as stated above grows stronger with time and its life is 
measured by âges rather than years. In addition to its natural permanence, 
such a structure is proof against tornadoes, high-water, fire and earthquakes. 
A number of concrète buildings in San Francisco withstood the shock of the 
earthquake, while those around them of terra cotta brick and stone were de- 
stroyed. 

FREEDOM FROM VIBRATION. 

Concrète is especially adapted for railroad construction owing to the fact 
that its solidity and entire lack of joints render it free from the excessive vibra- 
tions often experienced in steel structures. In riding over a structure built of 
concrète it is particularly pleasing to the passenger to note the absence of the 
familiar roarand the lurching of the train which is so often endured in crossing 
a steel bridge. Only where there is direct contact, as in ties, is there danger of 
the jar disintegrating the concrète. In such cases either cushions of wood or 
earth should be provided to deaden the shock, or the concrète should be placed 
in large mass. 

FIRE RESISTANCE. 

In addition to its permanence and strength, concrète is especially suited to 
the construction of warehouses, terminal buildings, bridges, stations, coal 
pockets and similar structures on account of its indubitable fire-resisting 
qualities. Actual fires and fire tests hâve demonstrated time and again the 
ability of reinforced concrète to withstand even extraordinary fires. This is 
a valuable asset not only for buildings and warehouses, but particularly for 
structures to be used for the storage of coal, since the railroads of this country 
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hâve sufFered in the past much inconvenience and expense through the use of 
inferior bins of timber or steel. The spontaneous conbustion to which coal is 
subject when stored in great quantities not only results in the loss of the coal 
itself and the damaging of much valuable machinery, but also in the destruc- 
tion of the bin if it is constructed either of wood or steel. 

As a resuit of the lessons taught by the terrible fires along the water-front of 
Hoboken, the new piers designed to replace those bumed down in the fire of 
1904 were built entirely of concrète and steel construction. 

VERSATILITY OF DESIGN. 

Concrète enjoys a wider range of possible use and varieties of design than 
any known building material. An évidence of its adaptability to the endless 
variety of uses in railway deâign is shown by the thirty-five classes of con- 
struction described in the text of this book. 

WATER-TIGHTNESS. 

It was formerly thought necessary to waterproof a structure where it came 
in contact with ground water. But now by using a proper amount of rein- 
forcement to prevent cracks due to shrinkage from température and by properly 
forming the joints, concrète is used in many cases with no surface waterproof- 
ing. In the Philadelphia subway after experimenting with various methods 
of waterproofing it was decided to dépend entirely on the concrète itself, and 
in the New York subway no waterproofing is now being used above high- 
water level. Concrète is espeically adapted for use in the construction of con- 
duits, dams, tanks, réservoirs and other structures which, to accomplish their 
purpose, must be essentially water-tight. 

ALTERATIONS. 

Owing to the difficulty in tearing it down concrète is not suitable for a tem- 
porary structure. While radical changes in construction are not readily made, 
holes may be eut in walls and floors, at greater expense than in wood, but without 
serious difficulty. 

STRENGTHENING OLD MASONRY. 

Concrète from its very nature is well adapted for reinforcing or strength- 
ening and protecting old stone masonry which is being disintegrated by the 
action of the weather. 
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FOUNDATIONS, 

Concrète has been used for foundations in raiiroad construction for years; 
in fact, until recently this was practically the only use. Wirh the development 
of design, reinforcement has been introduced which often saves much material. 
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CHAPTER IL 

DESIGN AND CONSTRUCTION. 

Although the use of reinforced concrète is comparatively récent, there hâve 
been sufficient tests and the theory is far enough developed to design with abso- 
lute security not only masonry structures like foundations, bridges, retaining 
walls, abutments and piers, but structures embodying beams and slabs, such 
as girders, bridges, coaling stations and power plants. 

Numerous tests hâve been made during the last few years on almost ail the 
détails of concrète construction not only at nearly ail the universities, but the 
Structural Materials Testing Laboratories at St. Louis under the direction of 
the United States Geological Survey has been taking up the subject in a scien- 
tific manner. 

Besides this expérimental work, the use of reinforced concrète is so wide- 
spread that practice is rapidly confirming the theoretical démonstrations. 

CEMENT. 

While brief spécifications for cément may be sufficiently comprehensive for 
work of minor importance, the standard spécifications adopted by the Ameri- 
can Society for Testing Materials* are generally adopted for important work 
throughout the country. 

SAND. 

The sélection of sand for use in concrète work is quite as important as that 
of the cément and it should be carefuUy tested for ail important structures. 
As a guide for the proper sélection of the aggregates the following is quoted 
from the Progress Report of the Joint Committee on Concrète and Reinforced 
Concrète, 1909. t 

"a. FINE AGGREGATE consists of sand, crushed stone, or gravel 

screenings, passing when dry a screen having >i-inch diameter holes. It 

should be preferably of silicious material, clean, coarse, free from vegetable 

loam or other deleterious matter. 



•Thèse may be obtained by addressing The Atlas Portland Cernent Company. 

tAffiliated Committees of American Society of Civil Engincers, American Society for Testing 
Materials, American Railway Engineering and Maintenaiifi^^J(ay Associator ^ «dation of Amer- 
ican Portland Cément Manufacturers. 




"A gradation of the grain from fine to coarse is generally ad van- 
tageous. 

"Mortars composed of one part Portland cernent and three parts fine 
aggregate by weight when made into briquets should show a tensile 
strength of at least 70 per cent of the strength of 1 :3 mortar of the same 
consistency made with the same cément and standard Ottawa sand." 

BROKEN STONE AND GRAVEL. 

*'b. COARSE AGGREGATE consists of inert material, such as 
crushed stone, or gravel, which is retained on a screen having ^-inch diam- 
eter holes. The particles should be clean, hard, durable, and free from al! 
deleterious material. Aggregates containing soft, flat or elongated par- 
ticles should be excluded from important structures. A gradation of size 
of the particles is generally advantageous. 

'*The maximum size of the coarse aggregate shall be such that it will not 
separate from the mortar in laying and will not prevent the concrète from 
fuUy surrounding the reinforcement or fiUing ail parts of the forms. Where 
concrète is used in mass, the size of the coarse aggregate may be such as 
to pass a 3-inch ring. For reinforced members a size to pass a 1-inch ring, 
or a smaller size, may be used. 

**Cinder concrète is not suitable for reinforced concrète structures, and 
may be safely used only in mass for very light loads or for fireproofing. 

"Where cinder concrète is permissible the cinders used as the coarse 

aggregate should be composed of hard, clean, vitreous clinker, free from 

sulphides, unbumed coal, or ashes." 

Owing to the présence of vegetable loam or other deletrious matter, it is often 

necessary to wash the aggregates, and the drawing in Fig. 2 shows an apparatus 

designed by Mr. Allen Hazen and Mr. William H. Ham and used with good suc- 

cess by the contractors, Messrs. Tucker and Vinton. 

STEEL. 

There is frequently a question as to the use of high or low carbon steel. High 
carbon steel is very apt to be brittle unless it is made so as to pass severe tests,* 
when it can be depended upon. 

It is generally economical to use ordinary médium steel unless perhaps for 
température reinforcement, when steel with high elastic limit and deformed section 
is especially good. 

^See Spécifications in Tavlor & Thompson's ** Concrète Plain and Reinforced,'* Second Edition, 
1909. John Wiley & Sons, hfew York, publishers. 
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For ordinary uses, deformed bars, that is, bars with irregular sections, while 
satisfactory and in some cases better than ordianry round bars, are usualiy net 
absolutely necessary. 

PROPORTIONS. 

In such a broad field of construction as is found in railroad work, it is im- 
possible to give any gênerai recommendations as to the proper proportions to 
use, as this dépends so much on the structure itself. For any spécifie structure, 
the reader is referred to the proportions adopted in the construction of similar 
structures described in the text. 

The standard method for measuring parts is to assume one part as equal to 
4 bags of cément, or one barrel. In measuring the sand and stone a barrel is 
assumed as 3.8 cubic feet. The actual volume of a cément barrel averages about 
3.5 cubic feet, but the 3.8 cubic feet has been adopted generally in practice as 
corresponding to a weight of 100 pounds of cément to the cubic foot, which is that 
of the cément partially compacted; thus proportions 1:2:4 means one barrel 
(or 4 bags) Portland cément, 7.6 cubic feet sand measured loose and 15.2 cubic 
feet of broken stone or gravel measured loose. 



MIXING.* 

"The ingrédients of concrète should be thoroughly mixed to the desired 
consistency, and the mixing should continue until the cément is uniformly dis- 
tributed and the mass is uniform in color and homogeneous, since maximum 
density and therefore greatest strength of a given mixture dépends larg.ely on 
thorough and complète mixing. 

"(a) Measuring Ingrédients. Methods of measurements of the pro- 
portions of the various ingrédients, including the water, should be used, 
which will secure separate uniform measurements at ail times. 

"(b) Machine Mixing. When the conditions will permit, a machine 
mixer of a type which insures the uniform proportioning of the materials 
throughout the mass should be used, since a more thorough and uniform 
consistency can be thus obtained. 

**(c) Hand Mixing. When it is necessary to mix by hand, the mix- 
ing should be on a water-tight platform and especial précautions should 
be taken to tum the materials until they are homogeneous in appearance 
and color." 



•From Joint Committec's recommendations, see footnote, page 15. 
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CONSISTENCY. 

The required consistency varies with the class of work. Concrète is strongest 
when not too wet, but of a médium jelly-like consistency. For reinforced con- 
crète it must be softer, so that it can just flow sluggishly around the steel and 
into the forms. At the same time it should be stiff enough to be conveyed 
from the mixer to the forms without séparation of the coarse aggregate from 
the mortar. 



PLACING.* 

"(a) Methods. Concrète after the addition of water to the mix should 
be handied rapidly, and in as small masses as practicable from the place of 
mixing to the place of final deposit, and under no circumstances should con- 
crète be used that bas partially set before final placing. A slow setting cément 
should be used when a long time is liable to occur between mixing and final 
placing. 

"The concrète should be deposited in such a manner as will permit the 
most thorough compacting, such as can be obtained by working with a 
straight shovel or slicing tool kept moving up and down until ail the ingrédi- 
ents hâve settled in their proper place by gravity and the surplus water forced 
to the surface. 

**In depositing the concrète under water, spécial care should be exercised 
to prevent the cément from being floated away, and to prevent the formation 
of laitance which hardens very slowly and forms a poor surface on which to de- 
posit fresh concrète. Laitance is formed in both still and running water, and should 
be removed before placing fresh concrète. 

"Before placing the concrète care should be taken to see that the forms are 
substantial and thoroughly wetted and the space to be occupied by the con- 
crète free from débris. When the placing of the concrète is suspended, ail neces- 
sary grooves for joining future work should be made before the concrète bas had 



time to set. 
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When work is resumed, concrète previously placed should be roughened, 
thoroughly cleansed of foreign material and laitance, drenched and slushed with 
a mortar consisting of one part Portland cément and not more than two parts 
fine aggregate. 

"The faces of concrète exposed to prématuré drying should be kept wet for 
a period of at least seven days. 

"(b) Freezing Weather. The concrète for reinforced structures should 
not be mixed or deposited at a freezing température, unless spécial precau- 



*Fom Joint Committee's recommendations, see footnote, page 15. 
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tions are taken to avoid the use of materials containing frost or covered with 
ice crystals, and in providing means to prevent the concrète from freezing after 
being placed in position and until it has thoroughiy hardened. 

**(c) Rubble Concrète. Where the concrète is to be deposited in massive 
work its value may be improved and its cost materially reduced through the 
use of clean stones thoroughiy embedded in the concrète as near together as is 
possible and still entirely surrounded by the concrète." 

JOINTS. 

In walls of any considérable length it is necessary to provide against shrinlc- 
age and température cracks. The gênerai practice for walls of plain concrète 
is to place contraction joints at intervais of from 30 to 50 feet, but in many in- 
stances this has not been sufficient and the author recommends a spacing of from 
20 to 30 feet. Walls can be built with no joints by providing sufficient rein- 
forcement to so distribute the température stresses that the cracks will be very 
minute and scarcely noticeable on close inspection. 

SURFACES. 

The proper treatment to give a pleasing appearance to exposed surfaces is 
one of the most difficult problems in concrète construction and a number of 
différent methods hâve been employed, ail of which are illustrated by différent 
structures described in the text. 

FORMS.* 

**Forms should be substantial and unyielding, so that the concrète shall con- 
form to the designed dimensions and contours, and should be tight to prevent 
the leakage of mortar. 

"The time for the removal of forms is one of the most important steps in 
the érection of a structure of concrète or reinforced concrète. Care should be 
taken to inspect the concrète and ascertain its hardness before removing the 
forms. 

**So many conditions affect the hardening of concrète that the proper time 
for the removal of the forms should be decided by some compétent and re- 
sponsible person, especially where the atmospheric conditions are unfavor- 
able.'* 

WATERPROOFING. 

While many expédients hâve been used to render concrète impervious to 
water, expérience has shown that, where the concrète is proportioned to realize 

*Sce footnotc, page 15. 
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the greatest practicable density and is mixed to a rather wet consistency, it is 
sufHciently impervious itself, for ordinary purposes, without further treatment. 
The proportions generally used to resist the percolation of water range from 
1:1:2 to 1:2:4, the latter being the most common mixture. Sometimes, where 
the mass of the concrète is considérable, or where the walls are thin, a material 
like hydrated lime or dr>' powdered clay may be efficient for void filling and per- 
mit the use of leaner proportions. In subways, long retaining walls, and réser- 
voirs, cracks can be prevented by horizontal reinforcement properly proportioned 
and located. In any case, for water-tight work the concrète should be mixed 
wet enough to entirely surround the reinforcing métal and flow against the 
forms. 

Asphaltic or coal tar préparations applied either as a mastic or with paper 
or felt are used to good advantage where it is deemed inadvisable to rely upon 
the natural imperviousness of the concrète itself. 

DESIGN OF PLAIN CONCRETE. 

In the design of plain concrète, sections should be so proportioned as to avoid 
tensile stresses, and while this may be accomplished in the case of rectangular 
shapes by keeping the line of pressure within the middie third of the section, in 
very large structures a more exact analysis may be required. 

Inasmuch as structures of massive concrète are able to resist any unbalanced 
later forces by reason of their weight, a relatively cheap and weak concrète is often 
suitable for such conditions. 

BENDING MOMENTS. 

In reinforced concrète design as much variation may be had in the results 
by the sélection of the bending moments as in the choosing of working stresses. 
If the members are continuous beams or slabs, spécial care must be taken in the 
design at the supports, since there is much and frequently more stress there than 
at the middie of the span. It is not safe practice to design a continuous beam 
in the center as though it was simply supported and then pay no attention to the 
design over the supports. 

Good practice and the recommendations also of the Joint Committee on Con- 
crète and Reinforced Concrète (1909) sanction the following formulas for bend- 
ing moments: 

Let P=concentrated load in pounds 

w=unit distributed load in pounds per square foot 

(including the dead load) 
l=length of member between centers of support in feet * 

M=bending moment in foot pounds. ^^ 
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To transfor,n the bending moment to inch poundsy multiply by 12. 

For beams and slabs simply supported at the ends and not continuous: 

M=l/8 wl^ for distributed load (1) 

and 
M=l/8 wl^+^ PI for distributed load plus a load concentrated 

at the center (2) 

For beams and slabs truly continuous and thoroughly reinforced over 

the supports: (3) 

M=l/12 wP at the center of the member 
and — M=l/12 wl^ at the ends of the member (4) 

For beams and slabs partially continuous, as end spans, or for continu- 
ous members of 2 or 3 spans: 

M=l/10 wP at the center of the member (5) 

The négative bending moments which exist at the supports must be pro- 
vided for by steel rods carried over the top of the support for tension and by a 
sufficient amount of concrète at the bottom of the beam near the support to take 
the compression. 

If a part of the tension rods are bent up on an incline from about one-quarter 
points in the beam so as to pass horizontally through the top of the beam at the 
supports they must extend over the supports for a sufficient distance to transmit 
the compressive stress there, or must be firmly connected with corresponding 
rods in adjacent bay. The total steel in the top must be sufficient to resist the 
tension due to négative moment, and the concrète and steel in the bottom next to 
the support, sufficient to resist the compression. 

For cantilever beams, that is, beams with one end fixed and the other end 
free, where the maximum bending moment is at the point of support and the ten- 
sion is in the top of the beam, the following formulas hold: 

With a uniformly distributed load over the length of the beam: 

— M=>^ wP at the support 
If also a live load is concentrated at the end 

— M=Pl+KwP 



DESIGN OF REINFORCED CONCRETE. 

In designing a reinforced concrète member it is not sufficient to simply déter- 
mine the amount of steel required to resist the tensile stresses, but a most careful 
analysis must be made of ail parts of the structure. 
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The correct design of reinforced concrète beams and girders involves thc 
foUowing studies: 

(1) The bending moments due to the live and dead loads. 

(2) Dimensions of beams which will prevent an excessive compression of 
the concrète in the top and which will give the depth and width which is othcr- 
wise most economical. 

(3) Number and size of rods to sustain tension in the bottom of thc beam. 

(4) Shear or diagonal tension in the concrète. 

(5) Value of bent-up rods to resist shear or diagonal tension. 

(6) Stirrups to supplément the bent-up rods in assisting to resist thc shear 
or diagonal tension. 

(7) Steel over the supports to take the tension due to négative bending 
moment. 

(8) Concrète in compression at the bottom of the beam near the supports 
due to négative bending moment. 

(9) Length of rods to prevent slipping. 
(10) End connections at wall. 



WORKING STRESSES. 

The working stresses for static loads given below follow thc rccommcnda- 
tions of the Progress Report of the Joint Committcc on Concrète and Reinforced 
Concrète, 1909. ♦ 

"General Assumptions. The following working fifrense» are rrcom- 
mended for static loads. Proper allowances for vibraticm and impart are 
to bc added to live loads wherc neccftaary to produce an r^juivalmt »tatir 
load before applying the unit %trtsstii in propc^rtioning part». 

"In selecting the permissible working ntrt%» to be allowrd on conrrrti', 
we should be guided by the working %trt%%f% ij«ually allow^d for othrr 
materials of construction, ify that ail »trijrtijrr« of fht namr (\'4n%, bot (om* 
posed of différent materials, may hâve approximatrly tht narnr dr^rrir of 
safcty. 

"Thc stresses for concrète are prop<*vd for ami tri t rompotrd of rme 
part Portland cément and s\x piirt% 'd^9i^r^4fr., i'4\i'4\Ar of drvrloping an 
avcragc compres^ive urengrh of IJiili) \^t\tTM\% prr %4iu'4Tf in< h at twirnty- 
ei^t days, when teued in f>hnd^r* ^. tTuhi'% in diami-ti-r and 16 inrhe» 
long, onder Uborarory rond:rk^n* of m'duuiktiutr, ;ttt4 êffffkgtf littng the 
same coos»tency a« U n%tA in the fi^Id, In <ftn%ui^f\T\% the hctor% rer- 








ommended with relation to this strength, it is to be borne in mind that the 
strength at twenty-eight days is by no means the ultimate which will be 
developed at a longer period, and therefore they do not correspond with 
the real factor of safety. On concrètes in which the material of the aggre- 
gate is inferior, ail stresses should be proportionally reduced, and similar 
réduction should be made when leaner mixes are to be employed. On the 
other hand, if, with the best quality of aggregates, the richness is increased, 
an increase may be made in ail working stresses proportional to the increase 
in compressive strength at 28 days, but this increase shall not exceed 25 
per cent. 

** Diagonal Tension. In beams where diagonal tension is taken by con- 
crète, the vertical shearing stresses should not exceed 

2 per cent of compressive strength at twenty-eight days, or 40 pounds 
per square inch for 2,000 pound concrète. 

**Bond for Plain Bars. Bonding stress between concrète and plain rein- 
forcing bars, 

4 per cent of compressive strength at twenty-eight days, or 80 pounds 
per square inch for 2,000 pound concrète. 

For drawn wire, 

2 per cent, or 40 pounds on 2,000 pound concrète. 
**Bond for Deformed Bars.* Bonding stress between concrète and 
deformed bars may be assumed to vary with the character of the bar from 

5 per cent to 7)^ per cent of the compressive strength of the con- 
crète at twenty-eight days or from 

100 to 154 pounds per square inch for 2,000 pound concrète. 
**Reinforcement. The tensile stress in steel should not exceed 16,000 
pounds per square inch. The compressive stress in reinforcing steel should 
not exceed 16,000 pounds per square inch, or fifteen times the working 
compressive stress in the concrète. 

"Modulus of Elasticity. It is recommended that in ail computations 
the modulus be assumed as 1/15 that of steel; that is, that a ratio of fif- 
teen be employed. 

"Bearing.t For compression on surface of concrète larger than loaded 
area, 

32.5 per cent of compressive strength at twenty-eight days or 650 
pounds per square inch on 2,000 pound concrète. 
'* Plain Columns. Plain columns or piers whose length does not exceed 
twelve diameters. 



*No recommendation for deformed bars is given in the report of the Joint Committee. 

fFor beams and girders built into pockets in concrète walls the lower compressive stress of 450 
pounds per square inch should not be exceeded. 



2234 per cent of compressive strength at twenty-eight days, or 450 
pounds per square inch on 2,000 pound concrète. 
**Reinforced Columns. (a) Columns with longitudinal reinforcement 
only, the unit stress recommended for plain columns. 

(b) Columns with reinforcement of bands or hoops, as specified be- 
low, stresses 20 per cent higher than given for (a). 

(c) Columns reinforced with not less than 1 per cent and not more 
than 4 per cent of longitudinal bars and with bands or hoops, stresses 45 
per cent higher than given for (a). 

(d) Columns reinforced with structural steel column units which thor- 
oughly encase the concrète core, stresses 45 per cent higher than given 
for (a).*' 

**In ail cases, in addition to the stress borne by the concrète given above, 
longitudinal reinforcemeitt is assumed to carry its proportion of stress in accord- 
ance with the ratio of its elasticity to concrète. For example, with a work- 
ing stress in concrète of 450 pounds per square inch, the longitudinal re- 
inforcement may be assumed to carry 15X450^6,750 pounds per square 
inch. 

**The hoops or bands are not to be counted upon directly as adding to the 
strength of the column. "; . . 

"Bars composing longitudinal reinforcement shall be straight and shall hâve 
sufficient latéral support to be securely held in place until the concrète is set. 

"Where bands or hoops are used, the total amount of such reinforcement 
shall be not less than 1 per cent of the volume of the column enclosed. The clear 
spacing of such bands or hoopes shall be not greater than one-fourth the diam- 
eter of the enclosed column. Adéquate means must be provided to hold bands or 
hoops in place so as to form a column, the core of which shall be straight 
and well centered. 

*'Bending stresses due to eccentric loads mu^ be provided for by increasing 
the section until the maximum stress does not'exceed the values above speci- 
fied. 

"Compression in Extrême Fibcr. P'or extrême fiber Htres» of beams 
calculated for constant modulus of elasticity. 

32.5 per cent of the compressive strength at twcnty-right dayi, or 
650 pounds per square inch for 2,rXK) pound concrctr. 
"Adjacent to the support of continuouK bcamn, nttvhhvn 15 prr rrnt greater 
may be allowed. 

"Shear. Pure shearing ntrtssi'% uncombint'd wifh comprcimicm or ten- 
sion . 6 percent of compressive %rrrngth af rwi-nry n^ht «Liv*! or 120 pounds 
per square inch for 2,000 pound votutvtv/* 





CHAPTER III. 



BRIDGES. 

One of the most important applications of concrète to railroad construction 
is in the building of bridges. By the intelligent use of reinforced concrète, 
bridges are being designed which are superior to similar steel, masonry or wooden 
structures from an artistic, structural and économie standpoint. 

While the life of a wooden bridge is about 9 years and of a steel bridge 
probably not over 30 or 40 years, and even then with a continuai outlay for 
repairs and painting in addition to careful inspection, a concrète bridge will 
last almost indefînitely and with practically no maintenance. In addition to 
its natural permanence, such a bridge is proof against tomadoes, high water and 
fire. 

Steel and wooden bridges grow weaker from rust and decay and in a few years 
the day comes when the bridge of decreasing strength is overloaded by the increas- 
ing weight of roUing stock and requires either strengthening or replacing. Con- 
crète bridges on the other hand grow stronger with âge and in probably as rapidly 
an increasing ratio as the increase of traffic. 

A concrète bridge is free from the excessive vibrations often experienced in 
steel bridges and from disagreeable noise. 

Track is easily maintained on such a structure, since the ordinary track ties 
and ballast take the place of the more expensive bridge ties of a steel struc- 
ture. 

In the construction of a concrète bridge there is no obstruction of traflSc from 
swinging booms as is the case when setting stone of large dimensions in masonry 
bridges, nor so much difiîculty in securing the necessary skilled labor during 
times when the building trades are active. The materials used can generally 
be obtained in the immédiate vicinity of the bridge site. 

The cost of a reinforced concrète bridge in almost ail cases will be consid- 
erably less than that of a stone masonry structure and will not greatly, if at ail, 
exceed that of a steel bridge, when the cost of piers and abutments is included 
in the comparison. Even when the cost of the steel is less, the différence is more 
than counteracted by the practically negligible maintenance costs of the con- 
crète structure. 
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ARCH BRIDGES.* 

While arch bridges may be constructed of either plain or reinforced con- 
crète, the latter type is usually the most satisfactory, as the steel reinforce- 
ment not only permits the use of less material, but it also adds to the safety 
against settlements of foundations or centerings, and température stresses. The 
Wallkill River bridge shown in Fig. 3 is an interesting example of plain concrète 
construction, while the Jackson Street arch, the Paulins Kill viaduct and the 
Vermillion River Bridge, shown in Figs. 4, 8 and 9, are types of reinforced arch 
bridges. 

Arches are classifîed in various ways, but the most simple classification is 
in référence to the method of the construction of the spandrels, or spaces above 
the upper surface of the arch ring and below the road-bed level. Thèse spaces 
are either fiUed in solid with loose filling or are left open by skeleton spandrel 
construction consisting of slabs and beams supported on columns or cross-walls 
resting on the arch ring 

SOLID FILLED SPANDRELS. This type of construction is generally 
employed for arches of spans under 100 feet. While the solid-fiUed spandrels 
usually consist of an embankment of earth, sand or cinders enclosed between 
solid spandrel walls having the common trapezoidal retaining-wall section, or 
between reinforced spandrel walls, sometimes a filling of very lean concrète is 
used in place of the loose material, when the spandrel walls become an intég- 
ral part of the filling. The loose filling between spandrel walls is deposited in 
thin layers and thoroughly tamped by ramming, rolling or flooding it in with 
water. 

The Jackson Street arch, described on page 30, is an example of the solid 
fill spandrel type of construction. 

SKELETON SPANDREL CONSTRUCTION. For spans of about 100 
feet or over the skelton spandrel construction is, on account of its reduced weight 
and cost, found most advantageous. 

In addition to the advantage resulting from a réduction of the load on the 
main arch ring and foundations this type of construction when well handled 
fumishes an opportunity to introduce architectural effects of great beauty. By 
doing away with the long and heavy solid spandrel walls the trouble with tem- 
pérature strains is greatly lessened in this type of construction. 

The Paulins Kill Viaduct and the Vermillion River Bidge, described on pages 
34 and 36, are examples of skeleton spandrel construction. 

Another form of skeleton spandrel construction, an example of which is 
found in the Connecticut Avenue Bridge, Washington, D. C, consists of hol- 



*For theory and methods of design see Taylor & Thompson's "Concrète Plain and Reinforced," 
Second Edition, 1909, or Howe's "Symmetircal Masonry Arches.*' John Wiley & Sons, New York, 
publishers. 
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low spandrels with curtain walts forming a cellular spandrel construction in 
which the roadway is carried on a System of braced columns and beams enciosed 
by thin curtain walls on each side of the bridge. 

EXPANSION JOINTS. To provide for the action of température strains. 
expansion joints are generally constructed in the spandrels where they meet 
-the abutments and usually aiso ai one or more points between the abuimems 
afid crown of the arch. Some engineers place a vertical expansion joint ovet 
each springing Une and ai a point about 10 feet each side of the crown. Thèse 
joints which eut the spandrels vertically from the coping of the parapet walI 
to the arch ring are either constructed as mère planes of weakness in the con- 
crète or as actual joints fiUed with one or more laycrs of feit, corrugated paper 
or some other paritally elastic material. 

Another method which is sometimes adopted is to entirely omit the expan- 
sion joints and resist the température strains by providing sufficient reinforcing 
métal throughout the structure. 

WATERPROOFING. The top of the arch and the lower parts of the span- 
drel walls are usually waterproofed in order to facilitate drainage and keep 
accumulated water from penetrating the arch ring. 

In addition to the structures described below, a number of other arch 
bridges are shown among the miscellaneous photographs in the back of the 
book. 

JACKSON STREET ARCH. C. R. R. OF N. J. As will be seen by the 
drawings in Fig. 5, page 32, which show the essential features of design and con- 
struction, this bridge consists of a reinforced concrète arch of 54 fi. 3 inch clear 
span with axis on a skew of 22° 2' with the axisof the street. The photograph 
in Fig. 4 shows the hnished arch. 

The abutments and wing walls rest on 10-inch piles, the last thrce rows in 
each abutment being driven with a batter to correspond with the inclination 
of the line of pressure. Ihese piles were eut ofF below water level, which is about 
10.87 feet helow the surface of the street. and a bed of broken stone 3 feet 
thick was rammed amund them to within 6 inches of the tops where the concrète 
work siarted. 

With the exception of an open expansion joint, like a vertical tongue and 
groove, hetween the ends of the ahtitments and the ends of the wing walls the 
bridge was constructed as a monolith. For the arch ring the concrète was mixed 
in the proportions of 1 part Atlas Purttan»' *"'■■"•■>" > mrfc ^-^A -,r,A a ^-..r^ 
1-inch screened broken stone. whilc for the ; 
tion was l:3;6with l'j inch stonv and fur 

The main reinforcing for the arch iim 
in both intrados and extrados phucd aln 



lower surfaces. In ihe intrados they are spaced 12 inches apart at the spring- 
ing line and extend 5 feet past the center, thus giving a spacing of 6 inches for 
32 feet at the crown. In the extrados they are 12 inches apart at the abut- 
ments and carry 2]/^ feet beyond the center hne, thus giving a 5 foot lap for 
bond. At the haunches auxihary rods about 26 feet long are placed în ail the 
spaces between the main rods. Above and below both the intrados and ex- 



FIQ. 5.-JACKSON STREET A»CH, C. B. R. OF K. J. 

trados rods, horizontal transverse ^4-inch rods are spaced 24 inches apatt and 
extend the full length of the arch. 

In designing the bridge the stress in the arch ring was computed by the 
graphical method of Prof. W. A. Cain, the live load assumed being the stand- 
ard loading of the Central Railroad of New Jersey or 700 pounds per square 
foot of surface while the dead load was figured as follows; Rails, ties. ballast. 



140 pounds per square foot of surface; lilling, 100 pounds per cubic foot, and 
concrète, 160 pounds per cubic foot. Including température stresses the max- 
imum stress in the concrète was 600 pounds per square inch compression and 
50 pounds per square inch shear, while the maximum stress in the steel was 
18,000 pounds per square inch in tension and 5,000 pounds per square inch in 
compression, the latter value being tixed of course by the permissible stress in 
the concrète times the ratîo of elasticity of steel to concrète. 

During the construction of the bridge, railroad traffic was maintained unin- 
terruptedly on temporary tresries on either side of the bridge. 
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The arch forms were asscmbled on the ground, and after the abutments were 
well under way they were swung into place from an erecti<)n car on the temporary 
trestle. The photograph in Fig. 7 shows the method of placing thèse centers. 
The concrète in the abutments and the filling behind ihem was carried to a point 
about 2 feet above the spring line of the arch. when the arch ring was put in 
at one opération, concreting commencing simiiltaneously at the springing lines 
of boih abutments. ^^ 

The concrète was mixed in a 1 ciibic yard Ransume M n one side and 

:ubic yard Smith Mixer on the other, and was depiisir rdinary iron 

wheelbarrows. M^^^^ i \ 
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With the exception of the tops of the spandrel and wing walls, which ^ere 
tinished with a 1-inch trowelled surface of cément mortar applied simultane- 
ously with the last course of concrète, the tinish of the concrète was obtained 
by simply spading back the concrète from the forms. 

The upper surface of the arch is waterproofed with four coats of Hydrex feit 
mopped on with Hydrex compound applied bot, and the backfîll is drained from 
the ends of the abutments by two 6-inch cast-iron pipes Connecting with the cîty 
sewer in the center of the street as shown. 

The bridge was designed by the engineering department of the raiiroad. 



FIG. T.-SETTINO ARCH CEMTERS. 

Mr. J. O. Osgood, Chief Engincer, and was constructed under their supervision 
in the spring of 1904 bv Holmes and Coogan of Jersey Citv. 

PAULINS KILL VIADUCT. D., L. & W. R. R. This bridge, under con- 
struction in 1909, is approximately 1100 feet long and 115 feet high and con- 
sists of five 120-ft and two 100-ft. reinforced arches with skeleton spandrel arches 
supporting the track. 

The drawings in Fig. 8 show the détails of construction of a typioal arcb 
span and pier, together with one of the reinforced abutments. The doU^m^ 
thèse abutments furnished a rather novel and economical féature inar ^B 



they are composed of three longitudinal reinforced walls carrying a reinforced 
slab which supports the track and ballast. This skeleton construction allows 
the embankment to take its natural slope between the walls as well as on the 
outside of thèm, and by thus balancing the earth pressure does away with the 
bulky section which would hâve been necessary had they been designed as 
retaining walls. 

With the exception of the copings and ornamental railings, which are of 
1:2:4 proportions, the concrète throughout the structure is mixed in the pro- 
portions of 1 part cernent, 3 parts sand and 5 parts broken stone. In the abut- 
ments and piers for the arches and foundations below the ground Une, large quarry 
stones are bedded in the concrète so as to form a rubble concrète and reduce the 
cost of materials. 

In designing the viaduct a ratio of elasticity of steel to concrète of 15 was 
assumed and the concrète was figured at 600 pounds per square inch safe work- 
ing fiber stress, 500 pounds per square inch direct compression and 50 pounds 
per square inch shear, while the steel was given a working tensile stress of 16,000 
pounds per square inch. 

The structure was designed by the engineering department of the Dela- 
ware, Lackawanna and Western Railroad under the supervision of Mr. Lincoln 
Bush, Chief Engineer, with Mr. B. H. Davis, Assistant Engineer in charge of 
masonry design, and Mr. F. L. Wheaton, Engineer of Construction in charge of 
work in the field. 

VERMILLION RIVER BRIDGE, C, C, C. & ST. L. RY. In its essen- 
tial features this bridge is similar in type and design to the Paulins Kill Via- 
duct illustrated in Fig. 8 and consists of three arches, the central span being 
100 feet and the two side spans 80 feet, with rises of 40 and 30 feet respec- 
tively. 

The photograph in Fig. 9 is of the completed structure, while Fig. 10 is a view 
taken during the construction showing the false work for the main arches and 
the location of the derricks. 

The arch rings are Z]4 feet thick at the crown, deepening out toward the 
spring Unes, and are reinforced near the extrados and intrados with 1-inch corru- 
gated bars 12 inches apart and overlapped 4 feet at their ends, thus giving a bond 
of 40 diameters. Below thèse rods at the extrados and above them at the intrados 
there is a séries of J-inch transverse bars 3t?i feet long. 

Above the arch rings of the main arches the channel piers are hoUow, the 
pilasters being carried up as reinforced facing slabs 15 feet wide and 3>2 feet 
thick. The transverse walls are formed by the piers of the spandrel arches 
next to the springings, which hâve brackets at the top projecting 12 inches on 
the inside. Thèse brackets carry reinforced concrète slabs 2 feet thick, which, 
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being frecly supportcd on rails embeddcd in the tops of the piers and bearing 
against similar rails projecting fmm the underside oF ihe slabs, act as expan- 
sion joints. A similar transverse expansion joint is placed over the top of each 
abutment. 

The concrète in thèse joints was made as smooth and flat as possible and 
iinished so that contact between the adjacent Taces at the point is made only 
through the embedded rails. To further separate the division two layers of 
feit arc placed between the two surfaces of concrète and carried up to within 



FIG. 10.— PALSB WORK FOR MAIN ARCHES. 

2 tnches of the top of the vertical joints, the remaining space being filled with 
asphalt. 

The concrète for the reinforced portions was mixed in the proportions of 1 
part cernent to 2 parts clean sand to 4 parts of broken stone; that for the abut- 
ments and main piers of 1 :3;6 and the footings of 1 :4:8 proportions. 

The bridge was designed in the construction department of the Cleveland, 
Cincinnati, Chicago and St. Louis Ry. and was built by the Bâtes and Rogers 
Construction Company of Chicago in the fall of 1905. 

WALLKII.L RIVER VIADUCT. E. & J. R. R. This is a very heavy 
î8 



unreinforced concrète bridge 388 feet long, having a width of 32 feet between 
outside of parapet walls, and consista of four 60-ft. and two 40-ft. circular arches. 
The photograph in Fig. 3, page 29, is of the tinished structure, while the draw- 
ings in Fig. 11 show the plan, élévation and section of the 60-ft. arches, together 
wîth détails of the expansion joints, which occur at each pier, extending from 
the top of coping to top of haunch. The starkweather is aiso drawn in détail. 
The bridge, which contatns 7500 cubic yards of concrète, was designed by 
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the engineering department of the Erie Raiiroad under the supervision of Mr. 
F. L. Stuart, Chief Engtneer, and was built by Lathrop, Shea and Henwood 
Company of Scranton, Pa. 

GIRDER BRIDGES. 



When constructed of concrète, girder bridges are designed either as entire 
reinforced concrète structures or as a combination of structural steel and rein- 
forced concrète. In the latter case the main girders and cross beams are gen- 
erally composed of structural shapes encased in concrète with the floor slabs of 
reinforced concrète. An example of the former type, which contains a number 
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of advanced and novel features, is descrîbed below, while the First Avenue Via- 
duct described on page 57 is an interesting example of the latter type. 

Among the miscellaneous photographs in the back of the book are shown 
other girder bridges of both types. 

In designing reinforced concrète girder bridges, care should be taken to see 
that there is sufficient concrète and steel provided for shearing stresses, as with 
short spans and heavy loads this will be found in many cases to be the determining 
factor. 

TRACK ELEVATION WORK, CHICAGO, ILL., C, B. & Q. R. R. In 
connection with the track élévation work which the Chicago, Burlington & 
Quincy Railroad is carrying on between Canal Street and Blue Island avenue, 
Chicago, there are a number of reinforced concrète girder bridges forming 
subways similar in type aud design to the drawings shown in Fi'g. 12. Thèse 



FIG. 11.— DETAILS OP TrPtCAL 5LAB, C, B. & Q. R. R. TKACK BLBVATION. 

bridges are notable because of their extremely large size and capacity and 
for their methods of construction. As will be seen from the drawings in 
Fig. 12, the essential features of. design and construction of a typical bridge 
consist of reinforced concrète columns and cross girders cast in place and 
carrying reinforced deck slabs which were moulded in sections away from the 
bridge site and when properly cured were transported on flat cars and set in 
place by a wrecking crâne. After being thoroughiy waterproofed the ballast 
and track was laid directly on thèse slabs. Fig. 13 shows the détails of a typical 
slab. 

The columns and cross girders are composed of concrète mixed în the pro- 
portions of onc part cernent to four parts pit-run gravel. The columns are 
reinforced with four 3^^ by 3j-i by % inch angles hooped spirally wit 
Carbon steel wire. The girders and slabs are reinforced ™''^ corrugatei 
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Fig. 14 shows the forms used in the construction of the girders and columns. 

The slabs were built along both sides of a switch track in one of the raiiroad 
yards near the city hmits and after curing ninety days were picked up by a 
locomotive crâne and placed on flat cars and hauled to a convenient storage place 
where ihey were piled three high until required at the bridge site. 

Each slab was built in a separate form and after being cast was wet thor- 
oughly every evening for two weeks. The slabs were made with the ends 
and sides battered so as to bave a clearance of K ""ch between them at the 
bottom and 1 inch at the top on both sides and both ends. Thèse spaces were 



COHCReTB SLABS, C, B. & Q. R. R. TRACE ELEVATION. 

filled with waterproofing, thus making the whole bridge floor water tight. A 
mixture of one part cernent to four parts gravel was used in their construction. 
The slabs for the long spans contain approximately 19.2 cubic yards of con- 
crète and weigh ^6 tons each. 

In handling and setting the slabs, a 100-ton locomotive crâne equipped with 
a spécial toggle frame was used. The photograph in Fig. 15 shows this crâne 
in the act of setting one of the long span slabs. 

This work is designed and constructed by the Engineering Department of 
the raiiroad under the supervision of Mr. C. H. Cartlidge, F " "-«lineer. 
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THROUGH GIRDER BRIDGE, C, B. & Q. R. R.— In Fig. 16 is shown 
the cross section of a reinforced concrète double track through girder bridge of 
20 feet 3 inch skew span, which is of interest since this form of construction is 
employed to good advantage where the headroom is limited and a deck girder 
could not be placed. It will be seen that the two outer girders act as parapets 
and that the ballast is laid directly on the suspended floor slab. The photograph 
in Fig. 17 is of a similar type of construction of 18 foot skew span. 

TRESTLES. 

Reinforced concrète is being used for trestles of every class. In the majority 
of cases thèse are conservative and safe, but a few of the designs along the lines 
commonly employed in steel construction with very high bents are considered 
by many conservative engineers to be extrême. 

In structures of this type the utmost caution should be employed in the 
mechanics of design to see that ail parts are symmetrical, that the column 
design is conservative and that proper provision is made for température 
stresses. 

While the cost of a reinforced trestle is greater than that of a timber 
structure, this différence is often more than offset by the temporary character 
and the danger from conflagration of the latter type. As compared to steel con- 
struction, reinforced concrète is generally cheaper and possesses the addi- 
tional advantage of being free from constant inspection, painting and gênerai 
maintenance. 

A number of very long and high trestles hâve been constructed during the 
past few years of reinforced concrète, one of the largest being the Richmond and 
Chesapeake Bay Viaduct described below. 

The Chicago, Burlington & Quincy Railroad are changing over ail the wooden 
pile trestles on their Une to similar reinforced concrète structures, a typical 
example of which is shown on page 22. 

A number of other reinforced concrète trestles are shown among the miscel- 
laneous photographs at the back of the book. 

RICHMOND VIADUCT OF THE RICHMOND AND CHESAPEAKE 
BAY RAILWAY. — ^The Richmond and Chesapeake Bay Electric Railway 
enters Richmond over a reinforced concrète viaduct 2,800 feet long, ranging 
in height from 18 feet at either end to 70 feet at its highest point. A riveted 
steel girder viaduct was first contemplated, but was rejected on account of 
the high initial cost and cost of maintenance, as well as the diflSculty of double 
• tracking such a structure should it become necessary. A wooden trestle was 
then planned, and some of the timber ordered and partially delivered, when 
considérations of fire protection as well as the necessarily temporary character 
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of wood construction persuaded the company to adopt a reinforced concrète 



Bids for the design of such a structure were then called for, the railroad 
company suhmitting only the gênerai location, profile and prescribed loads. 
Under thèse conditions the design of the New York.branch of the Trussed 
Concrète Steel Company, Mr. B. J. Greenhood, Engineer, was accepted and the 
contract for the construction of the viaduct awarded to Mr. John T. Wilson, 
of Richmond, Va. 



PIG. 18.— VIEW AT CtIRVB, RICHHOHD VtADDCT. 

The viaduct was designed to carry a 75 ton car, 54 ft. long on four-wheeled 
trucks placed 33 ft. apart, each truck consisting of two axies 7 ft. on centers. 
In Computing the sizes of the various members il was assumed that the via- 
duct should carry its dead load and the entire Hve load plus 50 per cent of the 
live load for impact. The longitudinal thrust due to the braking of trains was 
assumed as 20 per cent of the live load. At the curves, overtuming moments 
were allowed for at the rate of 2 per cent for each degree of curvature. Wind 
pressure was figured at 30 pounds per square foot on the surface of train and 
viaduct. 

For the superstructure, it was decided to use concrète mixed in the pro- 
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portions of 1 part Atlas Portiand Cément, 2 parrs granité dust and 4 parts 
5^-inch crushed granité, and in the footings a l:2j^:S mixture of the same 
materials. The columns were designed for a compressive stress of 500 pounds 
per square inch on the concrète and 6,000 pounds per square inch on the long- 
itudinal, reinforcing steel. In designing the girders, continuous beam action 
W2S assumed and the concrète was iigured at 600 pounds per square inch extrême 
fiber stress and 50 pounds per square inch shear, while the steel was given a ten- 
sile stress of 16,000 pounds per square inch. In proportioning the footings, which 
bear on either hard clay or compact gravel, a bearing value of 3 tons per square 
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foot was figured on for ail possible stresses including future double tracking. 
Kahn trussed bars were used as reinforcing for the entire structure. 

The viaduct is comprised of a System of girders of rectangular cross sec- 
tion varying in span from 23 to 68 feet supported by a séries of interbraced and 
battered bents varying from 14 to 70 feet in height. The gênerai features of design, 
and construction of the différent types of cross section of the viaduct are readily 
Understood from the accompanying drawings shown in Fig. 20. 

As will be nored by the photograph in Fig. 19, the diagonal braci"» ^Mrh 
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is generally seen on structural steel towers is replaced by transverse and long- 
itudinal stnits, the intention being to design ail joints and ail members so that 
they will hâve the rigidity to withstand bending. Provision has been made for 
double tracking the viaduct, when traffic warrants such an extension, by build- 
ing the footings for ail bents over 20 feet in height, with an offset column base 
to which new columns can be attached and by leaving cored holes in the gird- 
ers for Connecting the new work. Both of thèse features are shown clearly in 
Fig. 20. 

Expansion joints hâve been provided where the short girders rest on the 
column brackets, at intervais of about 200 feet, consisting of a grooved steel 
plate on top of the bent, on which a planed steel plate on the bottom of the girder 
slides; together with steel toggle connections at the upper part of the girder which 
prevent any tendency to tum the girder. Fig. 21 shows the détails of construc- 
tion of one of the 49 ft. girders. 

An idea of the massive proportions of the trestle can be obtained by a study 
of the photographs in Fig. 18 and Fig. 19. 

The track consists of 80 pound rails spiked to 8 x 8 inch cross ties 12 inches 
on centers which are notched \]/i inch over and bolted to 6 x 12 inch sieepers 
embedded in and attached to the concrète girders by means of anchor bolts as 
shown in Fig. 20. On the curves, heavier sieepers are used under the outside rail 
as showp in Fig. 20 in order to gain the necessary outer élévation. 

The guard rail is made of 8 x 10 inch hard pine notched 2 inches between 
the ties. By extending every fifth tie four feet beyond the concrète girder and 
covering this extended tie with planking, a footway 40 inches wide is provided. 
In a similar manner the pôles for carrying the trolley wires are supported. 

Work on the structure was started in the spring and finished in the fall of 
1906. 

In the construction of the viaduct, one mixing plant, transférable from one 
place to another, consisting of one No. lyi rotary mixer, hoisting engine, ele- 
vator, buckets, etc., was used. After the érection of the forms the columns and 
struts up to the bottom of the girders were poured at one continuous opération. 
The column forms were built in three sides forming a U-shape, and the fourth 
side built up in sections as the concrète was poured. The girders and floors were 
also put in at one opération. 

The forms were made of 2-inch lumber dressed on one side, supported by 
falsework consisting of a 4 by 4 inch and 6 by 6 inch timbers. The girder sides 
were removed at the end of a week while the remaining forms and supporting 
falsework were left in place for at least thirty days. After the removal of the 
forms the entire surface of the viaduct was given a finish of sand and cernent 
applied with a brush. 
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CONCRETE PILE TRESTLES, C, B. & Q. R. R.— Thèse trestles, which 
replace sîmilar wooden structures, possess a number of features comparatively 
new to the field of concrète construction. In gênerai, the construction con- 
sists of six pile bents spaced 14, 15 or 16 feet center to center, and with an 
average height of 10 feet. The essential détails of design and construction are 
shown by the drawings in Eig. 21a, while the photograph in Fig. 22 shows a 
typical trestle. 



ne 22.— CONCRETE PILE TRESTI^E, C, D. * Q. R. K. 

Two types of piles are used, namely. rectangular cast piles and Chenoweth 
rolled piles. The cast or molded rectangular piles are made in lengths up to 30 
feet, and are 16 inches square at the top with 4-inch chamfers. The reinforce- 
ment consists of eight !^-inch bars wired to a spiral coil of wire of varyîng pitch. 
The Chenoweth rolled pile, which is the type shown în Fig. 21a, is circular in sec- 
tion, 16 inches in diameter, and is reinforced with ^-înch corrugated bars 
wound spirally with a J^-inch mesh No. 16 wire netting. 

The piles are driven vertically by an ordinary raiiroad pile driver with a 3,000- 
pound hammer, with cushioned cap, falling 24 feet. 

The piles are capped by deep reinforced concrète cross girders, which support 
the slabs forming the floor or deck. 

SI 
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forming half the wîdth of thi 



For trestles of over 5 oi 
by the use of double beni 
carrying a single cap iwk 



D reinforced concrète slabs or girders, each stah 
floor and having a curb wall to retain the- ballast. 
6 feet spans in length, longitudinal rigidity is obtained 
: at suitable intervais, consisting of two rows of piles 
; the usual width. 
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Use double pile cap ever^f Stfi. span 



ôpans /4n isn orlén. 

GENERAL ELEVATION OE TRLSTLE 

yiG. ZU.- PILE TRESTLB, C, B. * Q. R. R. 

In the first of thèse tréstles to be built. a solid pier was nsed in place of the 
piles and cap ac every sixth bent, but the double bent construction is now con- 
sidered préférable. 

The deck slabs are cast in the railway's company's yards, and after season- 
ing about sixty days are carried to the bridge site and placed in a similar man- 
ner to the deck girder slabs described on page 41. The ballast and track are laid 
directiy on thèse slabs. 
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Différent proportions of concrète are used for différent parts of the trestle. 
The concrète for the piles is mixed in the proportions of one part cernent lo three 
parts fine screened gravel, while for the caps and girder slabs a mixture of \Ayi 
with gravel, or 1:2:4 with sand and stone is used. 

In constructing thèse trestles trafhc is not interfered with. The floor of the 
existing timber trestle is partly dismantled and concrète piles are driven to form 
bents intermediate with the old timber bents. The forms for the caps are then 
put in place and fiUed, the concrète being allowed to set about thirty days. Part 
of the timber trestle is then torn out by a derrick car or wrecking crâne and the 
girder slabs set in place. 



FIG. Z2a.~PIEK TRESTLE, C, B. A Q. R. R. 

CONCRETE PIER TRESTLES.— Where longer spans are used and where 
the trestles cross streams in which floating ice is apt to occur, thin concrète 
piers are used in préférence lo the pile bents. The photograph in Fig. 22a 
shows a typical structure of this type of 25 fooi spans. The piers are carrîed 
down to footings on a solid foundarion or are supported by wooden or concrète 
piles. 

Thèse trestles are designed and constructed by the Engineering Depart- 
ment of the railroad under the supervision of Mr. C. H. Carthdge, Bridge 
Engineer. 
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OVERHEAD HIGHWAY BRIDGES. 

Owing to the deteriorating influence of locomotive gases upon the under sur- 
face of bridge floors, the construction of overhead highway crossings is one of 
the greatest problems which railroad engineers are called upon to solve. 

There are numerous cases where after a few years steel girders and stringers, 
even when presumably protected by brick arches, hâve rusted to one-half their 
original thickness, thus endangering many lives. 

Steel girders, when unprotected, hâve to be painted very frequently, and, as 
the accumulated rust formed by the locomotive gases has to be removed, this 
is a much more expensive opération than under ordinary circumstances. To 
do away with the high maintenance expense and to overcome the eflFect of the 
sulphurous fumes from locomotives, old structures are being encased in con- 
crète and new ones are being built either entirely of reinforced concrète or of 
structural steel encased in concrète. Bridges thus constructed are absolutely 
unaflFected by ordinary rust, rot or fire, and can be designed economically along 
artistic Unes. 

The Blairstown Bridge, described on page 55, is an entirely reinforced con- 
crète structure which is particularly commendable on account of its light and 
graceful lines, while the First Avenue Viaduct, shown on page 56, is an interest- 
ing example of an overhead highway bridge composed of structural steel girders 
and cross beams encased in concrète. 

Other overhead highway bridges are shown among the miscellaneous photo- 
graphs at the back of the book. 

OVERHEAD HIGHWAY BRIDGE, NO. 19.31, D., L. & W. R. R.— As 
will be seen from the drawings in Fig. 23, which show a half élévation and half 
section together with détails of construction, this bridge consists of two rein- 
forced piers and abutments supporting reinforced girders and floor slab. 
The two exterior girders are built with the bottoms slightly arched, thus 
giving the bridge the appearance of being a light arched structure of graceful 
lines. 

The roadway wearing surface is formed by a two inch excess of concrète 
which is built as a part of the floor slab. A mixture of 1 cément, 2 sand and 4 
broken stone was used throughout the structure and the finish obtained by float- 
ing the green concrète with water, immedfately after removing the forms, and 
rubbing with wire brushes. 

In designing the bridge a ratio of elasticity of 15 was assumed and the con- 
crète was figured at 600 pounds per square inch fiber stress, 500 pounds per square 
inch compression, and 50 pounds per square inch shear, while the steel was given 
a tensile stress of 16,000 pounds per square inch and a compressive stress of 
7,500 pounds per square inch. 

54 



The bridge, which was constructed in 1909, was designed by the engineer- 
ing department of the Delaware, Lackawanna and Western R. R.. under the 
supervision of Mr. Lincoln Bush. Chief Engineer. with Mr. B. H. Davis, Assis- 
tant Engineer, in charge of masonry design, and Mr. F. L. Wheaton, Engineer 
of Construction, în charge of work in the field. 

FIRST AVENUE VIADUCT, L. I. R. R.— This viaduct, 788 feet long, 
carries First Avenue over the tracks of the Long Island Raiiroad at Bay 
Ridge, Long Island. It is 68 feet 10 inches wide, and, as will be seen from 
Fig. 24, showing a cross section of the viaduct, is divided by the main girders 



FIG. 2S'-nLLING PIER PORMS, FIRST AVBNDB VIADDCT. 

into two roadways 2,î feet 3 inches wide and two sidewalks 11 feet 2 inches 
wide. 

The main girders, which are supported for about half the viaduct on con- 
crète piers, and the remainder of the distance on steel columns and girders, are 
riveted steel plate girders encased in concrète to a levé! a little above the 
roadway and sidewalk. The drawings in Fig. 24 show the manner in which 
thèse girders are encased. with détails of the bolster protection, and the photo- 
graph in Fig. 26 gives a view of the encased girders from below. Fig. '>^ 
mentioned above, gives the gênerai dimensions and essential feanires of de 
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of the piers and footings, whîle the photograph in F ig. 25 îs a view taken of 
them during construction and shows the forms in place and the method of depos- 
iting the concrète. 

The floor system, the détails of which are shown in Fig. 27 (see below), con- 
sists of 24 inch 80 pound I-cross beams, 11 feet on centers, entirely encased in 
concrète, carrying a reinforced concrète floor slab. Twisted rods are used as 
rein forcement. 

The concrète for the piers was mixed in the proportions of 1 part Atlas 
Portland Cernent to 3 parts sand to 5 parts \}4 inch broken stone, and for the 
other parts of the structure, in the proportions of li2:4 with 3-^ inch broken 
stone. 





FIG. 27.— DETAILS OF FLOOR COBSTROCTION FIRST AVENnS VIADDCT. 



Before the concrète of the sidewalk slabs had time to set, a granolithic fin- 
ish 1 inch thick consisting of 1 part cernent to 2 parts trap rock screenings was 
applied and worked until it became an inetgral part of the concrète and had a 
dense and stnooth surface. 

The pavement for the roadways consists of a 1-inch binder course with a 
2-inch wearing surface of asphalt. 

By using hangers suspended from the bottom flanges of the cross beams, 
the forms for the floor slabs and haunches around the bottom flanges of the 



Steel beams were supported wittiout the use of shoring. Fig. 28 shows this mcthod 
of construction in détail. 

The forms for borh piers and floors were treated with car journal oil. Inime- 
diately after removing the pier forms, which was on an average about 48 hours 
after filling. the green concrète was floated witb water and rubbed by carborundum 
bricks. 

The construction plant consisted of a 5-ton locomotive crâne, a J^ cubic yard 
mixer, two 24-inch gauge cars carrying two % cubic yard buckets and ordinan' 
iron barrows. 



nr,. 28.— FORMS FOR FLOOR SLAB8. 

The viaduct was desjgned by the engineering department of the Bay Ridge 
Improvement Company under the supervision of Mr. L. V. Morris, Chief 
Engineer, and the concrète work was done by Mr. W. H. Gahagan, contracting 
engineer, of Brooklyn, N. Y., during the fall of 1908 and the winter and spring 
of 1905». 



BRIDGE FLOORS. 

Since raiiroad engineers came to the conclusion a few years ago that the most 
satisfactory form of bridge floor was a ballasted solid floor, a great many types 
of wooden and stee! floors hâve been tried. The best of thèse floors bave been 
very expensive, and while satisfactory for a limited time hâve proved compara- 
tively short lived. 

A number of railroads throughout the country bave designed bridge floors. 
using reinforced concrète in the form of a slab, that bave gîven absolute satis- 
faction. The reinforced concrète slab usually rests either directiy upon the 
top flange of the pirders when used for a deck bridge, or upon floor beams and 



girders when iised on a through bridge. Both types are illustrated, the former 
by Fig. 29, and the latter by Fïg. 31. 

A reinforced concrète bridge floor of considérable pruportions, — being in 
reality a raiiway yard supported on plate girders — which bas given marked satis- 
faction during the period it bas been under traffic, is described on page 62. 

C. B. & Q. R. R. BRIDGE FLOORS.— Fig. 29 shows the cross se<tion, 
including construction forms, of a reinforced slab of trough section used by 



Xirain /jo/g form 

FIG. M.— CROSS SECTION, DECK GIRDER BRIDGE PLOOR. C, B. & Q. R. R. 

the Chicago, Burhngton & Quincy R, R. for deck bridges. The photograph in 
Fig. 30 shows a typical deck bridge floor. 

The concrète slab, which is 8>i inches thick, has the outer edges inclined 
upward at an agie of 30 degrees to make flanges 9 inches deep which retain the 
standard ballast, the cross ties heing placed in the iisual manner. 

Before putting in the ballast, the top of the deck is painted with tar paint 
composed of one part oil, four parts cément and sixteen parts'tar. Drîn nin^*: 
are placed in such a position as to keep the drip clear of the iron s 



As will be seen from the cross section in Fig. 29, the top latéral System 
and the top angles of the sway brace frames are lowered clear of the top 
flange angles of the girders to allow the forms for the concrète to be set with 
greater ease and to be supported on the transverse frames and latéral angles. 
The outstanding Ranges of the vertical web stifFener angles in the girders are 
punched for Connecting bolts to the 2 by 6 inch knee braces of the ( 
forms. 



FIG. m— DBCK GDtDER BRIDGE FLOOR, C, B. & Q. R. R. 

Fig. 31 shows a typical floor of a through-girder bridge. The reinforced slab 
rests upon the floor beams and extends up to form curb walls against the girder, 
enclosing the gusset plates. The slab is 4j^ inches thick and is reinforced trans- 
versely with |i-inch corrugated bars 6 inches apart and longitudinally with 
J/2-inch bars 1 foot apart. Thèse floors are designed by the engineering depart- 
ment of the lailroad under the supervi.sion of Mr. C. H. Cartlidge, Bridge 
Engineer. 

REINFORCED CONCRETE BRIDGE FLOORS. D., L. & W. R. R.,- 
This mammoth bridge floor, 81 by 349 feet, coniaining 26,269 square feet of 
floor space is shown in détail in Fig. 33. The concrète is mixed in the pro- 




2. in. Drain Mo/es \, 

iJn. Bars /6n 7' long Gin. CioC 
Affernofe bars jbenf up as shoy^n 

FIG. Jl.— CROSS SECTION, THROOGH-GIRDER BRIDCB PLOOR, C. B. ft Q. R. R. 



FIG. 31.— DBCE GIRDER BRIDGE FLOOR, C, B. & Q. R. R. 
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portions of 1 part Portland cernent, 2 parts clean 
sharp sand and 4 parts lyi inch broken stone. 
The top layer, which acts as waterproofing, con- 
sists of a 1-inch coating of mortar composed of 
1 part Portland cernent to lyi parts sand troweled 
smooth on top. After this layer had thoroughly 
set the entire surface was given a heavy coat of 
pure cernent grout. 

The floor slab is designed so that switches and 
cross overs may be made anywhere. 

In the construction of the floor, it was found 
that the economy involved as to material and la- 
bor resulted in a saving of from 30 to 40 per cent 
from the cost of steel channel floor for the same 
purpose. A square 10 ft. by 10 ft. contains 3,704 
cubic yards of concrète and 718.4 pounds of steel, 
while a standard channel floor composed of*15- 
inch channels protected by 4 inches of concrète 
would contain 1,234 cubic yards of concrète and 
2,640 pounds of steel. 

This floor was designed by the engineering 
department of the railroad under the supervision 
of Mr. Lincoln Bush, chief engineer, and Mr. B. 
H. Davis, assistant engineer in charge of masonn»' 
design. 
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CHAPTER IV. 



CULVERTS. 



Concrète is used to advantage in the construction of ail classes of culverts 
from the small pipe to the large reinforced arch and box types. 

On account of its greater simplicity and the less expensive abutments re- 
quired, the reinforced flat top culvert, with abutments of reinforced concrète, 
is fnore economical for short spans than the arch type. 

The variation in the designs of the différent raiiroads, together with the 
fact that none appears entirely satisfactory, has led to the making of spécial 



FIG. M.-5 FT. I 7 FT. BOX COLVERT, C, B. & Q. R. R. 

designs for this book. The drawing in Fig. 35 with the accompanying nriginal 
table give the requisite dimensions for reinforced culverts of 4, 6, 8, 10, 12, 14, 
16. 18 and 20 foot spans. 

As an aid to the design of concrète arch culverts, without rein forcement, a 
committee of the American Raiiway Engineering and Maintenance of Way 
Association submitted to that association in 190S a composite design embody- 
ing a combination of détails of construction of plain concrete-arch culverts with 
the necessar}' dimensions, selected from the standards of raiiroads in the United 
States and Canada, and for this data the reader is referred to Bulletin No. 105 
of that Society. 
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FIG. 35.— TYPICAL CULVERT DESIGN. 
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HXAMPLES OF CULVERT CONSTRUCilON. 
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STANDARD PIPE CULVERTS, N. Y. C. & H. R. R. R.— Fig. 36 shows 
the standard pipe culvert of the wing type and Fig. 37 the stnndnrd pipe cul- 
vert of the straight type of the New York Central & Hudson River Railroad. 
In both types the footings of the end walls are composed of 1:4:7>< concrète, 
the main body of the walls of 1 ;3:6 concrète, while the copings are tnixed in the 
proportions of 1 :2:4. 



STANDARD 5-KOOT ARCH CULVERT, D., L. & W. R. R.— In Fig. 38 
is shown a cross-section of the standard 3-foot semicircular arch culvert for 75- 
feet tills on the Detaware, Lackawanna & Western Raiiroad. As will be seen 
from the cross-section, the invert is reinforced with J^-inch bars, 12 inchcs 
on centers transversely, and 2 feet on centers longitudinally, while the arch 
itself is reinforced in a longitudinal direction with ^-inch bars 18 inches'on cen- 
ters. In case rock or shale is found, the invert reinfotcement is left out, and 
the concrète in the invert reduced to a thickness of one foot throughotit. In 
the body of the culvert there are 0.628 cubic yards of 1:2:4 concrète per linear 
foot. 



Con 



0.628 Cu.JJèi^.per 
/tneaf foot 

FIG. JB.— CROSS SECTION } FOOT CULVERT, D., L. A W. R. R. 

INDIAN CREEK CULVERT. K. C M. & 0. RY,— The drawings in Kigs. 
39 and 40 give the essential features of design and construction, while the 
photographs in Figs. 41 and 42 show the finished culvert before and after fill- 
ing. As will be seen from the drawings, rhis is a reinforced box culvert 14 by 
15 feet and about 250 feet long. An interesting feature in the design of the cul- 
vert is the use of reinforced siruts spaced 8 feet on centers instead of a solitl 
concrète invert. 
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rOUNDA.TION PLAN 

no. M.— PUUr ARD BLEVATION. IHDUH CRB8K CDLVBXT. 



In the construction of the culvert. the concrète was mixed in the propor- 
tions of t part cernent to 3 parts Kansas River sand to 5 parts crushed lime- 
stone, passing a 2-inch ring and freed from dust by screening. The mixing was 
donc by a No. 1 Rotary mixer. The forms were constructed of 1-inch lumber 
with 2 by 6-inch studs 12 inches on centers. Ail excavation and pile-driving 
was performed and the reinforcing bars furnished by the raiiroad company, who 
aiso bore one-half the cost of keeping the foundations dry while the forms were 
being built and the concrète placed. 

The following figures* give the unit cost to the contracter and the unit 



^S^C: T/ON 

PIG. «O.— CROSS SECTION, INDIAN CRKBK CULVERT. 

coat to the raiiroad company, who let the contract on the basis of $9.00 percabic 
yard. The costs given covered ail labor and materials necessary other than the 
exceptions mentioned above: 

•W. W. Colpiiii in " Railway Agt." Aug. i. 1907, p. 143, 



Unit Cost to Contracton 

Cernent $1 . 37 pei 

Sand 0.34 " 

Stone 1 . 10 " 

Labor 2.48 " 

Lumber 0.76 " 

Miscellaneous. 0.18 " 



Unit Cost to Raiiroad. 

Excavation, pumping, etc. . . . 
Piles (389) 8,647 linear ft. . 
Reinforcing bars. 113,600 Ib. 



$6.23 

. SI .84 percubic yard of 

. 2.71 ' 

,2.56 



t including protii 



$13.34 percubic yard 



— IHDIAK CRBBK COLVBRT BBF08B FILUNG. 



The culvert was designed by Mr. W. W. Colpitts, Assistant Chief Engineer 
of the Kansas City, Mexico 8c Orient Raîlway, and was built by Mr. L. J. Smith, 
General Contracter, of Kansas City, in the fall of 1905. 



FIG. 42.-INDUN CRKBX Ctn.VBRT, K. C, H. & O. RY. 

EIGHTEEN FOOT ARCH CULVERT, BANGOR & AROOSTOOK R. 
R. — The drawing in Fig. 43 and the photograph in Fig. 44, page 74, are of an 
18-foot arch culvert on the Bangor & Aroosiook R. R., of very simple and at the 
same time artistic Unes. An interesting feature of the design of this culvert 
is the method employed to protect the soi! under the culvert from wash or under- 
tow. This is done by extending the paving, which is of concrète with a minimum 
thickness of one foot, to the ends of the wing walls, where it makes a vertically 
downward return to the depth of the bottom of the foundation 5 feet below the 
bed of the stream or top of paving. 

The concrète was mixed in the proportions of one part Atlas Portiand Ce- 
rnent to 3 parts sand to 6 parts grave!, and cost, everything included, Î6.42j^ 
per cubic yard. 

The culvert was designed and constructed by the engineering department 
of the Bangor Se Aroostook Raiiroad in 1904 under the supervision of Mr. Moses 
Burpee, Chief Engineer. 
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i3.— CROSS SBCnON OP 18-PT. CDIVBRT, BARCOR k AROOSTOOK R, 1 



— SIGBTBBH POOT CDLVBKT, BAHCOR AROOSTOOK R. R. 



THIRTY FOOT CULVERT, C, M. & ST. P. RY.— This culvert, which 
is shown by the photograph in Fig. 45, is of interest owing to the fact thaï it serves 
as a footing for trestle bents as well as a culvert. As will be seen from the accom- 
panying pîcture, footings are built upon the back of the arch on which two of 
the trestle benis rest. The culvert, which is near Farson, lowa, was designed 
by the Engineering Department of the Chicago, Milwaukee and St. Paul Raiiway, 
under the supervision of Mr. C. F. Loweth, Engineer and Superintendent of 
Bridges and Buildings, in 1908. 



no. «s^TBnTT rooT ctavcar, c. m. * wi. r. bt. 



HORSESHOE CULVERT.— The ph.rf<.«raph in Fin- V>, page 76, » 'A .pe- 
cial interest, as it shows a rather uni()ue and ver>- effi'.ieni form of heading for 
culverts where the slope of the «nbankmenr i» m-rt patii-wlarly *tp<rp. IniTiuJ 
of perpendimbr end wall», a h<'>riethoe heading ■* formed by lurrini; th« l<ar- 
rcl of ihe culvert to vin^',im v, ihe tkpt *rf the ftll and by fonr.iniç a •h'-uW'T 
over the ctcm ta \vM the "**; f/f the »kp«, 'Ihe ' Jvert i» a» Kunn'"», 
lowa, and tras desîcned and hoilf hj the N. M. .^tark Bridce Company M Dt% 
Moines, lo«a- 

7J 



ïIO. M.— H0RSB5H0B CULVXRT. RUNtlBllS, lOWA. 



no. 47.— DOUBLE ARCH CULVBtlTS. aL. CENTRAL R. R. 



CHAPTER V. 

PIF.RS AND ABUTMENTS. 

PIERS. 

Concrète is employed for bridge piers either as filling for ashiar or eut 
masonry, or for the entire pier, in which case it may be of either plain or rein- 
forced concrète. When of plain concrète, ihe sizes and gênerai proportions 
are practically the same as for stone piers, the quantity of masonry used for 
the two not ditfiering materially. If reinforced concrète is used, there may te 
qiiice a saving of concrète with a corresponding réduction in the cost of the 



-CONCRETS PIERS, PATERSOI* AKD SUFPERN RY. 



Structure. This is obtained either by reducing the size of the pier or by 
usîng the ordinary size of pier and making it hollow with reinforced walls, in 
which case the open space is either filled with sand, broken stone or gravel, or 
if the pier is designed so that it possesses sufficient stability ■ • • - ^^^^ 
thus making a considérable réduction in the load on the fo 



top slab forming the coping is designed strong enough to support the loads 
brought iipon it and transmit them to the side and interior walls, whîch in turn 
carry the loads to the foundation. Fig. 52 shows the design of a typical rein- 
fo rced pier. 

Concrète is also used very advantageously in raising the grade of old masonr>' 
piers, as is very often necessary, an interesring example of which is described on 
page 79. 



ÎIG. 49— CONCRETE PIERS DURING ICE JAM, C. R. R. OV N. J. 

STANDARD PIERS, N. Y. C. & H. R, R. R.— The standard pier of this 
ailroad, adapted to any height up to 40 feet, is shown by the drawing in Fig. 
0. The width, which is dépendent upon the length of span, is as follows: 

Spans up to 40 feet widih, A, ^4 feet inches 

Spans 40 to 60 feet width. A, = 4 feet 6 inches 

Spans 60 to 80 feet width, A, = 5 feet inches 

Spans 80 to 100 feet width, A, = 5 feet 6 inches 

Spans 100 to 125 feet width, A, = 6 feet inches 

Spans 125 10 150 feet width, A, = 6 feet 6 inches 

Spans 150 to 200 feet width. A. 7 feet inches 

Spans 200 to 250 feet width, A, 7 feet 6 inches 



The Foundation which is of 1:3:6 concrète, except where local conditions make 
stone cheaper, is varied to suit local conditions, but is not less than 4 feet deep 
uniess good rock is found. The pier itself is constructed of 1:3:6 concrète 
"while the coping, which is reinforced with galvanized wire netting ot wire cloth 
is of 1:1:2 concrète, as is the starkweather cap which is two feet above high 
water. The charts and tables in Fig. 50 give the quantities in thèse standard 
piers. 
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FIG. 50.— STANDARD PIER. N. Y. C. & H. R. R. R. 



RAISING GRADE OF OLD MASONRY PIERS.— The photograph in 
Fig. SI shows a three span plate girder bridge on the Chicago, Milwuakee and 
St. Paul Railway which originally rested on piers and square wing abutments 
of eut stone across which the grade was raised l]/2 feet by means of concrète. 
The girders were raised to grade and the concrète built in place, the rounded 
ends being formed by means of steel shells held in place by rods which were 
left in the concrète to give additional strength to the piers. A short span was 
added at either end of the bridge to take the slope and a rectangular concrète 
pier of the proper height to bring the masonry up to grade was built on each 
abutment. 
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no. SI.— RAISIHG GRADB OF OLD MASONRT PIEHS, C, H. ft ST. P. HT. 



RF.INFORCED PIER, K. C, M. & O. RY.— In Fig. 52 is shown the design i 
(if a standard reinforced concrète pier of the Kansas City, Mexico & Orient Ry- ■ 
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FIG. S2.— STANDARD RBIKPORCBD CONCRETS PIBR. K. C, H. h. O. RY. 



ABUTMENTS. 

PLAIN ABUTMENTS. Abutments for bridges can be designed of either 
plain or reinforced concrète. When plain concrète is used the gênerai détails 
are essentially the same as those employed for stone abutments.* The Van 
Cortiandt Avenue abutments on the N. Y. C. & H. R. R. R., described on page 
^ and shown in plain, élévation and section in Fig. 53, are fine examples of this 
type, not only as to détails of construction, but also on account of the architectural 
treatment of the design. 

REINFORCED ABUTMENTS. By using reinforced concrète there is 
generally a considérable saving in materials which in some instances has been 
so great as to reduce the cost as much as 40 per cent. 

The gênerai features of design and method of reinfo rcing will be understood 
from a study of the drawings of the Third Street abutment, K. C, M. & O. Ry., 
shown in Fig. 56, page 85. It will be seen that the construction, with the excep- 
tion of the bridge seat and supporting buttresses, closely resembles that of rein- 
forced buttressed retaining walls described in Chapter VI. 

The bridge seat consists of a heavy reinforced concrète slab extending over 
the tops of the supporting buttresses, thus securely knitting the structure 
together. 

Thèse supporting buttresses are loacted directly under the bridge girders, 
thus eliminating bending in the slab forming the bridge seat. In designing the 
buttresses the width must be taken at least equal to that of the bed plate. 

In order to resist the overtuming moment, vertical bars are placed in the 
back and extend through the base hooking under the horizontal bars in the 
bottom. A sufficient number of horizontal bars are placed in the buttresses as 
shown in Fig. 56, so as to transfer the total load from the face wall to the but- 
tresses without depending upon the tensile strength of the concrète. The diag- 
onal shear in the buttresses is taken care of by the diagonal rods which hook 
under the bottom bars in the rear of the base and over the longitudinal bars in 
the face wall. 

A face wall, heavy enough to resist the earth pressure and live load trans- 
ferred through the earth, is placed in front of, and constructed monolithic 
with, the buttresses, the two being firmly tied together by means of the rein- 
forcing bars with hooked ends. This face wall is continued beyond the bridge 
seats to form wings, and is supported by buttresses at intervais of about 8 
feet. 

At the back of the bridge seat there is a parapet wall forming the back or 
mud wall, as in a stone abutment, which is providcd with returns at the ends 



*The design of abutments for arche* i% trcated in Taylor U Thomp^on'ii "Concrète Plain and 
Reinforced/* Second Edition, 1909, and in Kakrr'» "Maionry CoÊflgfmion/' 
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to the face walls and is supported by buttresses similarly co the Front wall, and 
in addition by the vertical bars extending into the bridge seat. 

The base consists of a rectangular slab sufficiently reinforced to distribute 
over the Foundation the load transmitted by the buttresses under the bridge 
seat. Usually, as is the case in the design mentioned above, the width of the 
base is not taken less than one-half the height of the abutment. To minimize 
the eccentricity of the load, the base extends about two feet beyond the face 



PIC. M.— VAH COlITLAnDT AVE. ABUTMBnTS, H. V, C, A K, B, R. K. 

VAN CORTLANDT AVE. ABUTMENTS. N. Y. C. & H. R. R. R. Thew 
abutments, which were designed and constructed by the engineering forces of 
the New York Central Railroad during the fall of 1904, are nottworthy exam- 
ples of the adaptability of concrète to architectural treatment in structures of 
this nature, which are frequently crude to the extrême. 

The drawings in Fig. 53 show the essential featurcs of design and con- 
struction, whilc the photograph in Fig. 54 gives an idea of the artistic effect 
which is derived from the moulded pylons and the graccful linck of the wîng 
walls. ^^^ 

In the construction of ihc abutments four différent prr ^^^S» of 



Atlas cernent, sand and broken stone were used as follows: Footings 1:4:73-]; 
main wall and wing walls, 1:3:6; bridge seats and pylons, 1:1:2, and copings. 
1:2:4. 

Old rails with joints staggered and bolted together with two angle bars were 
laid in the footings 12 inches on centers and 6 inches from the bottom. The 
bridge seats were reinforced with Clinton Galvanized Wire Cloth, 3 by 8 inch 
mesh No. 10 wire. 

Each ahutment is provided with a 4-inch cast iron down spout which is 
hidden in a 6 by 8 inch chase in the center of the face of the wall and connects 
with a 6-inch tile drain on one sidc and discharges into the giitter on the other. 



FIG. S5.-THn«D STREET ABUTUBHTS, K. C, M. ft O. HY. 

THIRD STREET ABUTMENTS, K. C. M. & O. RY. Thèse rein- 
forced concrète abutments are on the Kansas City Outer Beit and Electric 
Raiiroad, which furnishes an entrante into Kansas City and terminal facilities 
for the Kansas City. Mexico and Orient Raiiway, and were designed by Mr. 
W. Colpitts, Assistant Chief Engineer of the road, and built by Mr. L, J, Smith, 
gênerai contractor, of Kansas City, in the fall of 1906. 

The gênerai dimensions, arrangement of reinforcing and principal features 
uf design are shown clearly on the drawings in Fig. 56. while the photograph in 
Fig. 55 shows the tinished s 



With the exception of the bridge seats, which are of 1:2:4, ail the concrète 
was mixed in the proportion of 1 part Portland cernent to 3 parts Kansas river 
sand to 5 parts crushed limestone, passing a 2-inch ring and freed from dust by 
screening. 

Seven-eighths-inch corrugated bars were used for reinforcing throughout 
the abutments and adjoining retaining walls. Ail bars were lapped 3 feet with 
joints broken. The supporting piles extend 6 inches into the base slab and were 
covered with three inches of concrète before the reinforcing bars were put in 
place. In both abutments and retaining walls the face walls were trenched 
six inchçs into the base slab. 

The forms were constructed of 1-inch lumber with 2 by 6 inch studs 12 inches 
on centers and the concrète was mixed by a No. 1 Rotary Mixer. 

Ali excavation and pile driving was done and the reinforcing bars fumished 
by the railroad company, who also bore one-half the cost of keeping the foun- 
dations dry while the forms were being built and the concrète placed. 

The following figures* give the unit cost to the contractor and the unit cost 
to the railroad company who let the contract on the basis of $9 per cubic yard, 
which covered ail labor and materials necessary except the items under "unit 
cost to the railroad.*' 



*Unit cost to contractor: 

Cément SI . 78 per cubic yard concrète 

Sand 0.35 

Stone : . 1 .35 

Lumber 0.74 

Labor 2 . 75 

Miscellaneous 0. 16 



fi 



tt 



(( 



<( 



tt 



$7.13 



Unit cost to railroad : 

Excavation (total) $3.80 per cubic yard concrète 

Piles (214) 5,228 lin. ft 1.84 " " 

Reinforcing bars 1.82 " " 

$7.46 
Total unit cost, not including 
profit $14.59 " " 
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CHAPTER VI. 



RETAINING WALLS. 

The use of both plain and reinforced concrète for retaining wall construc- 
tion in track élévation and dépression work has become gênerai throughout 
the country. The plain concrète walls are designed of gravity section, that is, 
they are made sufficiently heavy to prevent sliding or overtuming by their 
own weight. Reinforced walls consist either of a thin vertical wall attached to 
a horizontal base and braced either by counterforts on the back or by buttresses 
on the front side, or they are designed as cantilevers, in which case the wall is 
attached to a spreading base, the whole section being in the form of an inverted 
T. 

Reinforced concrète retaining walls usually are more economical than plain 
concrète walls, since in the latter type the material cannot be fuUy utilized 
because the section must be made heavy enoligh to prevent overturning by its 
own weight. In reinforced concrète retaining walls, on the other hand, a part 
of sustained material is used to prevent overtuming, and the section need be 
made only strong enough to withstand the moments and shears due to the earth 
pressure. The wall is lighter and exerts smaller pressure on the soil, which 
with the possibility of extending the base of the wall sometimes enables the 
constructor to get with ordinary foundations in cases where for masonry 
walls piles would hâve been indispensable. They also admit the use of a more 
scientific design, since the behavior of reinforced concrète is even better known 
and more reliable than that of plain concrète. 

The common practice among railroad engineers of using arbitrary ratios of 
width of base to height of walls in designing retaining walls, leads to a neglect 
of the study of the distribution of the pressure on the foundation. Since it is well 
established that movements from the original alignment due to unequal settle- 
ment form a defect more common than any other, this question is of great impor- 
tance and each case should be carefully studied and the amount and distribution 
of the pressure on the bed or foundation determined. 

Also, by a careful analytical treatment, the most effective section and the 
minimum amount of material will be attained, whereas many of the walls thus 
far designed hâve embodied a great waste of material with a resulting lack 
economy în design. 
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FIG. 57.— DESIGN OF T-SECTION RBTAINING WALLS. 
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PIG. 58.— DESIGN OP COUNTERFORT TTPB OP RBTAINING WALLS. 
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DIHBNSIOnS AND XEtKFORCSlIUfT FOR USTAIHIRG WALL5 WtTH COnHTBRPORTS. 



As to which of the two types of reinforced concrète retaining walls is for a 
spécifie case the more economical dépends upon the height of the wall, the in- 
tensity of earth pressure and the relative cost of concrète and steel. As a gên- 
erai thing the construction of the inverted-T type is simpler and the placing of 
the Steel easier, requiring less skilled labor and expérience. 

The least height at which the counterfort type may be economical has been 
found by spécial studies for this chapter to be in gênerai about 18 feet. 

In retaining walls of any considérable length it is necessary to provide against 
shrinkage'^and température cracks. 

The. gênerai practicé for walls of unreinforced concrète is to place contrac- 
tion joints at intervais of from 30 feet to 50 feet. It is possible to provide enough 
horizontal reinforcement to so distribute the température stresses that the 
cracks will be very minute and scarcely noticeable. For this 0.3 per cent of hori- 
zontal Steel based on the vertical section of the wall is sometimes used and this 
should be placed near the surface and in small sized rods. It is quite common 
practicé to introduce a smaller quantity of horizontal reinforcement and in addi- 
tion provide occasional contraction joints to allow for movement and to localize 
any cracking. 

In constructing retaining walls it is of the utmost importance that careful 
attention be given to the earth filling and to its drainage. The drainage is most 
easily accomplished by filling close to the back of the wall with some perçus 
material such as gravel, crushed stone or cinders and by placing weep holes through 
the wall at suitable distances apart to carry the water from behind the wall. 
The distance apart of thèse weep holes is dépendent upon local condi- 
tions, and should be decided after careful examination of the ground. The 
standard retaining wall spécifications of a number of railroads call for weep 
holes not more than 15 feet apart with vertical blind drains extending to the top 
of the wall. 

It is not within the scope of this book to go into a discussion of the various 
methods of determining the pressure exerted on retaining walls or to give a the- 
oretical treatment of the designs of the différent types of walls, but the tables 
in Figs. 57 and 58 give the necessary dimensions for the T-section and counter- 
fort types of retaining walls for heights and pressures ordinarily met with. Thèse 
hâve been prepared especially for this book. For a complète analysis of the 
subject of concrète retaining walls the reader is referred to Taylor and Thomp- 
son's "Concrète, Plain and Reinforced," second édition, 1909, and to "Walls, 
Bins and Grain Elevators," by Milo S. Ketchum. 

In designing the walls given in the tables referred to above, the earth pressure 
was computed by Rankine's formula for a fill weighing 100 pounds per cubic 
foot and an angle of repose of 35 degrees. The filling was assumed as sloping 
behind the wall at the angle of repose. 
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The unit stresses assumed were: Compression in the concrète, 500 pounds 
per square inch; tension in the steel, 16,000 pounds per square inch; shear in 
the concrète involving diagonal tension, 40 pounds per square inch; bond, 80 
pounds per square inch for plain and 120 pounds per square inch for deformed 
bars. 



no. SQ.-BROHS IHPROVBHENT RETAtHING WALL. N. V. C. * H. R, R. R. 

EXAMPLES OF RETAINING WALLS. 

STANDARD GRAVITY RETAINING WALL, N. Y. C. & H. R. R. R. 
F"ig. 60 shows the cross section and table of contents per running foot of this 
type of wall. The concrète below the ground Une is mixed in the proportions 
of 1:4:7)4. from the ground line to the coptng, in the proportions of 1:,1:6, and 
for the coping, in the proportions of 1:2:4. Expansion joints lilled with one 
layer of tar paper with the edpe !<4-inch back from the face of the masonry are 
provided every 50 feet. The back filling consists of cinders or other porous 
material and the drainage is taken care of by 4-inch weep holes not more than 
15 feet apart, with vertical blind drains extending to the top of the wall. Along 
side walls thèse weep holes are placed 9 feet below the top of the side walls and 
are piped to the gutter. 

The photograph in Fig. 59 is an example of a gravity retatning wal' "" '•"- 
Bronx improvement work carried on bv the New York Central an*" 
River Raiiroad. 
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FtG. M.— STAIfDAD CRAVITY RETAINING WALL. N. Y. C. & H. R. R. I 



REINFORCED RETAINING WALLS. C, B. & Q. R. R.— Fig. 61 sho«^ 
the essential featiires of design and construction of a typical track élévation 
retaining wal! of the Chicago, Burlington and Quincy Railroad, which is in 
reality a compromise between the plain monolithic and the cantilever types of 
walls. In de'signing, no attempt was made to use the full compressive 
strength of the concrète, as such a condition would hâve required a much 
greater amount of reinforcement and at the same time wouUI hâve developed 
an excess of strength beyond reqiiirements. Sections at the top of the foot- 
ing, at the angle in the back of the wall, and at points boih above and belov 
this angle were analyzed and the stresses computed by Prof. Howe's formulas 
and a sufTicienr amount of reinforcement was provided to take care of the total 
tensile strength at every point which, however, was very small because of thf 
comparatively heavy section. Owing to the difficiilty in constructing rein- 
forced aburments, plain concrète was used; the footings, however, hâve a re- 
inforced projection in front to increase the bearing area. As a gênerai thinp 



the walls are supported on piles closely spaced under the toe and more widely 
apart under the heel. The concrète was mixed in the proportions of 1 part cément 
to 6 parts pit run gravel. 

In Fig, 62 are shown the forms used in constructing thèse walls, together 
with the method of bracing and tying down the forms. They comprise a com- 
btnation of continuons and sectional forms. the sectional portion consistîng of 



PIG, 61.-CROSS SECTlOn TÏPtCAL RBTAINIHG WALL. C. B. k Q. R. R. 

siuds, coping and bottom forms for the face, and entire sectional forms for the 
back of the wall. 

As the cross section of the wall is such that in filling the concrète showed 
a tendency to lift the forms ofF the footing, yi-'mch bars were placed in the 
footing, as shown in Fig. 62, and the forms tied to them with wires. The v 
forms are tied together by H tnds which pass through pièces of 2-inch se 



pipe eut to fit loosely between the forms, the ends of the pipes being stufFed wîth 
waste to keep the grout from filling them. 

In regard to the cost of walls of this type, Mr. C. H. CartHdge, Bridge En- 
gineer of the C, B. & Q. R. R., under whose supervision, with Mr. L. J. Hotch- 
kiss, Assistant Bridge Engineer, the walls were designed, writes as follows:* 




PIG. 62.— FORMS FOR RETAINING WALL, C, B. à, Q. R. R. 



**This wall (reinforced concrète) will show an economy over a gravity 
wall of solid concrète. The cost of a large amount of work, including 
everything, has been a little less than $9 per yard. For the concrète only, 
exclusive of excavation and piling, $6.23 per yard. Our abutments are 
solid concrète without any reinfo rcing. Thèse cost us per cubic yard 
$5.55, including everything. The high cost per yard of the retaining 

*Bulletin No. io8, p. 426, American Railway EngineerinR and Maintenance of Way Association. 
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MraUs for excavation and piling is, of course, due to the fact that comparatively 
little concrète is used per yard of excavation. The true comparison, therefore, 
is between the concrète in the two, being for the retaîning walls as stated above, 
$6.23 and $5.03." 



FIG. 63.-~REinPORCEUENT IN PLACE, BUFFALO RETAINING WALL. 

REINFORCED BUTTRESS RETAINING WALLS, D., L. & W. R. R. 
The photograph in Fig. 63 shows the method of constructing and reinforcing 
the counterforts of the reiaining wall at BufFalo, New York, while the photograph 
in Fig. 64 is of the finished wall. 
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In addition to the retaining walls jiist described, ihere are a number of 
illustrative examples of différent types of walls among the miscellaneous photo- 
f;raphs at the end of this book. 



-BDTPALO RETAiniNG WALL, D., L. A W. R. R. 



CHAPTER VII. 

STATIONS, TRAIN SHEDS AND PLATFORMS. 

Raiiroads throughout the country are adopcîng the use of concrète in the 
construction of raiiway stations of every class, in many cases for the entire 
structure and in others for intégral parts such as foundattons, platforms, smoke 
ducts. stairways, and often for architectural features, such as comices, beit 



PIG. 65.— SCAR5DALB STATION, H. Y. C. * H. R. R. R. 

courses and platform columns. Its permanence, fire resisting qualities and 
adaptability to architectural treatment renders it a most satisFactory building 
and structural material for both large and small stations. In addition to the 
Marathon Station, the O'Fallon Station and the Bush Train Shed, a number 
of other concrète stations are shown among the miscellaneous photographs at 
the end of the book. 

SCARSDALE STATION, N. Y. C. & H. R. R. R. The photograph in Fig. 
65 shows a very artistic concrète station at Scarsdale, on the Harlem division 
of the New York Central and Hudson River Raiiroad. 



911* 



MARATHON STATION, D., L. & W. R. R. This structure, a photo- 
graph of the track side of.which is shown in Fig. 66, is a combination passenger 
station and freight house of simple, yet artistic design and substantial con- 
struction. 

With the exception of the roof, which is of Ludowici Céladon tile on wood- 
en rafters and the trusses and brackets, the building is of concrète construc- 
tion throughout. The foundations and main walls are of plain concrète, except 
over square openings where reinfo rced lintels are formed by placing three 
'4-inch square rods near the soffit, while the floors and platforms are of plain 
concrète laid directly on a cinder base and surfaced with a 1^-inch granolithic 
finish. 

The walls are tool finished up to the water-table, and above that, with the 
exception of the belt course, are finished by floating the green concrète with 
water and rubbing with wire brushes immediately after removing the forms 

AU the concrète was mixed in the proportions of 1 part Atlas Portland 
Cément to 2 parts sand and 4 parts broken stone. 

The station was designed by Mr. F. J. Nies, architect for the railroad, under 
the supervision of Mr. Lincoln Bush, Chief Engineer, and was built by A. E. 
Badgely, gênerai contractor, of Binghamton, N. Y. 

OTALLON STATION, WABASH R. R. This station, a photograph of 
which is shown in Fig. 67, is typical of a class of small fireproof stations which 
the Wabash Railroad erected to take the place of the ordinary combustible 
frame building formerly used. 

They are built in three sizes, 20 by 40 feet, 20 by 52 feet, and 20 by 62 feet, 
and consist of plastered walls with floors, platform, foundations and chimney 
of concrète. Thèse stations are erected at about the cost of the ordinary frame 
building, and in addition to being fireproof présent a better appearance than 
the former type of structure. . 

In furring for the outside plastering of the walls, pièces of ^-inch diameter 
plain. round rpds 4 inches long are fastened to the studs every 12 inches and 
against thèse are wired |^-inch round rods placed longitudinally every 12 inches. 
Fo thèse horizontal rods, sheets of spiral expanded métal lath. No. 26 
guage, 16 inches wide by % inches long, are wired the long dimension being 
placed vertically. After this is plastered, the inside of the building is furred 
in a similar manner, except that the horizontal rods are nailed directly to the 
studding. 

The plaster for the first coat consists of a mixture of three cubic feet of 

well slacked lime mortar to one hag of Atlas Portland Cément. This 

scratch coat is applied to both sides of the expanded métal attached to the 

outer side of the studding and to the exposed surface of the expanded métal on 
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the inside. When this coat has become sufficiently hard both sides of tlie ouier 
métal lath are plastered until a thickness of IJ^ inches is attained, and the inner 
métal lath is plastered to a thickness of 1 inch, using for the fînishing coat 
cernent mortar in proportions one bag of Atlas Portiand Cernent to 2 cubic feet 
of sharp, clean sand. 

After the walls are dried the outside surface îs painted with two coats of 
waterprooting compound put on thick enoiigb to fill in and hide ail joints and 
hair cracks. 

In the new dépôts of this type the walls up to the window sills are biiilt of 
solid concrète, which greatly improvcs the strength and gênerai appearance of 
the structure. 

Thèse stations are designed by and buili under the supervision of the Engi- 
neering Department of the Wabash Raiiroad, Mr. A. O. Cunningham, Chief 
Engineer. 



«G, 6S.-R0B0KBN TERMIKAL TRAIH SHED. D., L. * W. R. R. 

TRAIN SHEDS. 

HOBOKEN TERMINAL TRAIN SHED, D., L. & W. R. R. The tr; 
shed for the new Lackawanna passenger terminal at Hoboken, N. J., a p 
section of which is shown in Fig. 69, is an entirely new departnre from i 



hitherto considered standard type o( structure for this purpose. tnstead of 
comprising a séries of high arches, which in the common type of train shed are 
continually enveloped in a haze of smoke and gases from the locomotives, it 
consists essentially of a System of low arched short span longitudinal sections, 
just high enough to clear the largest locomotive in use on the line, with smoke 
ducts of reinforced concrète through which the locomotive gases are dis- 
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FIG. 69.— PART SECTION, HOBOKEN TRAIN SHED. D.» L . ft W. R. R. 

charged directly into the open air. As will be seen from the section in Fig. 69 
and from the photograph in Fig. 68, each of thèse sections cover two tracks and 
the sides of the smoke ducts are built high enough to prevent driving rain or 
snow from reaching the platforms. In addition to the smoke ducts the roof, 
platforms and fence footings are of concrète construction. 
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This shed was designed and patented by Mr. Lincoln Bush, Chief Engineer 
r>f the Delaware, Lackawanna and Western Railroad, and erected under his 
super\'ision by the company forces in 1907. 

The same type of train shed has also been used by the Lackawanna Rail- 
road at the Scranton station and by the Chicago and Northwestern Railway 
Co., at its terminal in Chicago. 



PIG. 70.— COHOES STATION AHD PLATPORM, N. V. C. A H. R. R, R. 

PLATFORMS. 

While plain concrète has been used for many years in the construction of 
low platforms at main stations the adoption of high platforms on rapid transit 
and suburban tines during the past few years has opened up a new (ield for rein- 
forced concrète. A typical ground platfortn is shown in Fig. 71, while two types 
of high platforms of reinforced concrète are illustrated and described on pages 
106 to 111. 

STANDARD CONCRETE GROUND PLATFORMS AT STATIONS, 
N. Y. C. & H. R. R. R. Thèse platforms, a typical one of which is shown in 
cross section and plan in Fig. 71, and by the photograph in Fig. i^HB usually 
constructed 200 feet long and 12 feet wide and are divided into," of not 

more than 40 square feet area. The platform illuy^^ in Fig 




inother 12-Foot plat- 
passen^rer track or 



one passenger track, but if more than one track is used 
Fortn is provided opposite and outside of the addiciona 
tracks. 

The concrète is mixed in the proportions of t part Portiand cernent to 3 part& 
sand to 6 parts broken stone and the granoHthic finish in the proportions of 1 pan 
cernent to \'A parts sand.* 

Ci 



^ 



^Baqgage Cro^s/ng PLAN 



VOO 



[<- SfirS 




4' fôr/77 f//e cfra/o- 



secr/o/v. 



FIG. Tl.— STANDARD GROUHD PLATFORM, N. V. C. h. H. R. R R. 

STATION PLATFORMS, BROOKLYN RAPID TRANSIT CO. The 
platforms on either side of the tracks are about 240 feet long and X feet wide 
and are construcied of a reinforced concrète slab carried by girders of the same 
material which are in turn supported by concrète piers placed about every 20 
feet. The photograph in Fig. 72 shows the track side of one of the platforms 
while the drawings in Fig. 73 show the essential fcatures of design and con- 
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Expansion joints are provided every 60 feet by separating the construction 
entirely with tarred paper. 

The outside edges of the platform are equipped with patent bulb nosing. 

The fences running the length of the platform and forming the guard rail- 
ings on the outside and ends of the platforms are constructed of cemeni plas- 
ter on métal lath and are described in détail in Chapter XVI. 

For the concrète work a mixture of 1 part Atlas Portland Cément to 2 parts 
sand to 4 parts Ji^-inch broken stone was used throughout. The I-inch grano- 
lîthîc surface of the platforms was mîxed in the proportions of 1 part Atlas 
cernent to 1 part sand and 1 part pebble grit and was applied simultaneousiy 
with the last course of concrète. 

In designing the platforms, a live load of 150 pounds per square foot was 
assumed and the concrète was figured at 500 pounds per square inch extrême 
fiber stress while the steel was allowed 16,000 pounds per square inch in ten- 

The platforms were designed by the Engineering Department of the 
Brooklyn Rapid Transit System, Mr. W. S. Menden, Chief Engineer, and 
were constructed under his supervision by Mr. Thomas G. Carlin of Brooklyn, 
in 1907. 
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FIG. 74.— CROSS SECTION OF STANDARD ISLAKD PLATFORM, H. Y. C. & H. H. R. R. 

ELECTRIC ZONE STANDARD PLATFORMS, N. Y. C. & H. R. R. R. 
One of the most important features of the Electric Zone improvement work of 
the New York Central and Hudson River Raiiroad is the adoption of high plat- 
forms on the suburban side of ail local stations within the Zone. This not only 
enables greater ease in the interchange to and from trains, but greatly i 
the rapidity of the service. 



As will be seen from the cross-sections in Figs. 74 and 75, which show the 
détails of construction of an island and outside platform, the type adopted 
comprises two longitudinal reinforced- 8-inch walls with a 6-inch reinforced 
deck or floor plate spanning the walls and overhanging 2 feet 6 inches on 
either side. The width varies from 12 to 15 feet, while the height is deter- 
mined by the élévation of the rails according to the degree of curve, which is 
four feet above the rails on tangents and curves up to three degrees and thîrty 
minutes. 

In plan the arrangement of the platform varies greatly according to the 
location. The suburban stations hâve high platforms about 350 feet long, on 
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FIG. 75.— CROSS SECTION OF STANDARD OUTSIDE PLATFORM. N. Y. C. ft H. R. R. R. 

either side, outside of the group of four tracks, and the combination stations 
hâve two high outside platforms and a middle low platform between the ex- 
press tracks on both sides, with a high platform at one end for a distance of 350 
feet and a low one of the same length adjoining it. 

Ail stations are provided with overhead bridges or subways Connecting with 
the various platforms. 

The concrète is of 1:3:6 proportions, with exposed surfaces faced with >^- 
inch cément finish mixed in the proportions of 1 cément to 1>^ sand. Ail exposed 
edges are rounded to a 1-inch radius. 

The platforms are divided into blocks of not more than 40 square feet area 
and expansion joints are to be provided every 25 to 40 feet. 

Thèse platforms are designed by the engineering force of the N. Y. C. & H. 
R. R. R. under the supervision of Mr. George A. Harvvood, Chief Engineer of 
Electric Zone Improvements. 
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CHAPTER VIII. 
COAL AND SAND STATIONS AND ASH HANDL[NG PLANTS. 



Reinforced concrète is pecuHarly adapted to the construction of structures 
which are to be used for the storage of coal on account of its undoubtable fire- 
resisting qualities. permanence and strength. 



PIG. 76.— COAl AND SAND STATION. I 



Through the use of mferior bins such as hâve been constructed of timher or 
Steel, the railroads of this country hâve siiffered much inconvenience and heavy 
expense. The spontaneous combustion to which coal is subject when stored 
in great quantities not only results in the loss of the coal itself and the damaging 
of much valuable machinery, but also in the destruction of the bin, if it is con- 
structed of either wood or steel. 

Thls condition bas led to entirely reinforced concrète structures, even though 

the initial cost is higher ihan for wood or steel. The coal and sand 

which bave thus far been constructed of reinforced concrète ha\ 
entire satisfaction. 



CONCORD COAL AND SAND STATION, N. & W. RY. This com- 
bination coaling and sand station, shown by the phocograph in Fig. 76, was 
built and entirely equipped for the Norfolk and Western Raiiway by the Link 
Belt Co. of Philadetphia during the summer of 1907. The reinforced concrète 
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détails were designed and worked out by Mr. Walter Loring Webb, Consult- 
ing Engineer, of Philadeiphia, and the concrète work was sublet to McLaugh- 
lin Brothers, of Baltimore, Md. 

In gênera! the station consists of an elevated coal pocket having a capac- 
ity of 260 tons of coal, and a wet sand storage house on the ground with an 
elevated dry sand bin. From a study of the drawing in Fig. 77, showing the 
mechanical equipment of the plant, it will be seen that the coal is brought to 
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the pocket on a side track, and dumped through a 10 by 12 foot track hopper 
into a reciprocaiing feeder which delivers it into a steel bucket elevator dis- 
charging into a conveyor irough above for distribution into the pocket. The 
photograph in Fig. 79 shows the conveyors and the conveyor trough over the 
pocket. The coal îs fed to the engine tenders through hinged gâtes and over 
counterweighted coaling chutes, two directly under the pocket and two over 
the track in front of the pocket. The wet sand passes into a dryer emptying 
into a sand pit undemeath, where it is scooped up and carried by a sand elevator 
which dumps it from above into the dry sand hin. Frnm this bin it is fed to tht- 
engines through two telescopic sand spoiits. 



no. T«.— CONVEYORS OVER COAL POCKET, CONCORD COALING AND SAND STATION. 

In designing the structural features of the station, the unit compression în 
the concrète was taken as SOO pounds per square inch, and the tension in the steel 
as 16,000 pounds per square inch. The side walls were designed on the basis 
of the computed latéral pressure exerted hy hituminous coal weighing 47 pounds 
per cubic foot. This gave a maximum latéral pressure of 248 pounds at the 
bottom of the pocket, and a vertical pressure on the hottom slab of nearly 
1,000 pounds per square foot. The essential features of design and construc- 
tion are shown very clearlv by the longitudinal and transverse sections in 

Fie. '8. 



In the construction of the building, concrète mixed in the proportion of 1 
part Altlas Portland Cernent to 2 parts sand to 4 parts broken stone, was used 
throughout and was mixed in a cube mixer equipped with hoisting engine and 
elevator and delivered over the work in batch carriers. The cost of the concrète 
work was S8,600. 



PIG. SO.— MUSKAY HILL RETAIL COAL t>OCKBT, D.. !.. * W. R. S. 

ASH HANDLING PLANTS. 

Inasmuch as wood burns and steel corrodes, it has long been a problem as 
to how to build ash handling plants capable of withstanding the destructive 
efFect of ashes quenched with water. The advent of reinforced concrète into the 
field of railroad construction has successfully solved this problem. At the présent 
tîme most of the plants being built throughout the country consist of a steel 
framework which supports bins constructed of reinforced concrète. The accom- 
panying photograph in Fig. 82 is a good example of such a plant designed and 
erected in 1905 by the Link Belt Company for the Norfolk & Western Raiiway 
at Bluefield,W. Va. 

The ash bin has a storage capacity of 30 tons. Ashes are dumped from the 
engine into 1-ton tubes which rest on trucks in the dump pit below, with their 
tops flush with the rails, and are raised. dumped into the bin and retumedmtp- 
matically by an electric hoist. In the photograph one of the skips is ' 

action, while on the drawing in Fir. 81 is shown a croâucction of th |U 
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pît. The ashes are empiied Trom the bin through a discharge gâte into cars on 
a track directly beneath. 

The détails of construction of the concrète work of the bin are shown in 
Fig. 81 together with the forms and the manner in which they were supported 
by the Steel Framework of the building. The cost of the concrete work includ- 
ing the forms was about $700. 



FIG. 81.— ASH HANDUNG PLANT, BLttEFtELD, ' 



HOBOKEN COAL TRESTLE, D., L. & W. R. R. As shown by the 
photograph in Fig. 83, 'this trestle forms an approach by which loaded coal cars 
may be taken to the level of the second floor of the power house where the coal 
is dumped to the space in front of the boilers. It will be seen that the trestle 
proper, which is 226 feet 3 inches long, comprising 18 bents on piers spaced 12 
fect on centers, bas for an inner abutment the wall of the power house and for 
the outer abutment the end of an approach 112 feet 4 inches long. 

From out to out the trestle is 16 feet wide, about one-half this width being 
taken up by a walk each side of the track. 

The footings, which rest on piles, are 4 feet 9 inches wide and 3 fee 

Each pier is 19 feet wide and 18 inches thick at the top with a t 
inch per foot in cross section of the trestle and J^ iqgkifl^fo'ic in le 




section, and 15 reînforced vertically with K-inch square bars placed in two rows 
3 inches from the outside of the pier. 5 inches on centers undemeath the stringers. 
and 9 inches on centers beiween the stringers. In addition to thèse vertical 
bars, similar ones are placed horizontally 1S inches apart. 

The beams or stringers resting on thèse piers are 18 inches by 27 inches, and 
are reinforced with three l>^-inch square bars, two being bent up at the quar- 
ter points to take care of the diagonal tension. Over each pier the top of the 
strin^er is aiso reinforced with four Ij^-inch square bars 8 feet 4 inches long. 
Eve.y two feet, fi-inch bolts 12 inches long are embedded 9K inches in the 
top of the stringer to which are secured clamps for holding the rails in place. 



no. 8.1.-COAL TRESTLE, HOBOKBN. H. J.. D., I.. * W. R. R. 

As will be seen from the photograph in Fig. 84, the sidewalks are carried by 
an inverted rail at each bent which extends the width of the trestle. l'o thèse 
rails clips are attached every 6 inches with openings 'n each leg through which 
the rods forming the reinforcement of the sidewalk are passed. 

A mixture of 1:2:4 was used throughout. 

The trestle was designed and constructed by the Engineering Department 
of the Delaware, Lackawanna and Western Raiiroad in 1907 under the super- 
vision of Mr. Lincoln Bush, Chief Engineer. and Mr. George T. Hand, Assist- 
ant Ensineer, with Mr. E. I. Cantine as Division Engineer. 



PtG. M— HOBOKEN COAL TRBSTLE DHDER CONSTRUCTION, D.. L. & W. R. I 



CHAPTER IX. 

ROUNDHOUSES AND TURNTABLE PITS. 

ROUNDHOUSES. 

The adaptability of concrète to roundhouse construction is clearly demon- 
strated in the report* submitted on that subject by the Committee on Build- 
ings of the American Raiiway Engineering and Maintenance of Way Associa- 
tion before the annual convention of that society held in Chicago, March, 1908. 

For the purpose of discussion, the roundhouse was considered divided into 
Foundations and Pits, Roofs, Supporting Columns and Outer Walls; and excerpts 
from the report are given below in the order named. 

FOUNDATIONS AND PITS. "While in some cases local conditions may 
favor the use of stone or brick for foundations and pits, it may be stated, as a 
gênerai proposition, that good practice in roundhouse construction now requires 
the use of concrète for thèse parts of the* structure. When a solid foundation 
cannot be obtained within a few feet below the floor level of the building a consid- 
érable saving may be eflFected by the use of reinforcement." 

ROOFS. **In economy of first cost, durability and fire-resisting qualities, 
there is no other fireproof roof construction which is equal to reinforced con- 
crète. Steel except as a reinforcement for concrète is not a satisfactory material 
for engine house roof construction." 

SUPPORTING COLUMNS. "If the roof is of reinforced concrète, it should 
be supported by columns of the same material in the outer and end walls, as 
well as in the interior of the building. Thèse columns should be concreted with 
the roof, the concrète being run into the forms from above. The columns on 
the inner circle to which the doors are attached should be of some other material 
than concrète, preferably steel or cast iron." 

OUTER WALLS. **For a structure roofed with reinforced concrète, the 
curtain walls may be of brick, plain concrète, reinforced concrète or plaster. Con- 
crète will, if properly made, give good service and local costs of materials and 
labor would ordinarily détermine which of the first three styles of curtain walls 
named above should be built. The plaster curtain wall may be used where it is 
désirable or necessary to reduce the first cost to a minimum. 

"To build such a wall Portland cément is mixed with enough lime so that it 
can be worked with a trowel and is plastered on expanded métal. The lat- 

•Proceedings of the Ninth Annual Convention, Vol. 9, p. 166. 
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COMPARISON OP COST OF DIFFBKBNT TYPES OF ROOnDHOUSBS. 



ter is stifFened with rods and channel irons, which are used to support the win- 
dow frames. A wall of this character can be built more quickly than a concrète 
wrall, is efficient and should be durable. If damaged by a locomotive or other- 
MTÏse, it is easily repaired, and altérations can be readily made. Used with con- 
crète columns, it should not crack, and its hrst cost is but aboiit half that of a 
brick wail." 

COST, "The cost of concrète construction in roundhouses dépends largely 
upon the numberof times the formscan be used. It follows, therefore, that where 
the structure is large and the forms for each unit or stall can be used many times 
in the same roundhouse, the cost per stall is much less than in a small building. 
Consequently reinforced concrète construction is more economical in large 
than in smal) roundhouses, when compared with brick or frame construc- 
tion." 

The costs of the différent types of construction are compared in the table* 
on page 122. 

This table gives in détail a comparative statement of the cost and annual 
charges per stall of six types of roundhouses, the first three heing roofed with 
reinforced concrète and having outer walls of concrète, brick and plaster, respec- 
tively, in the order named. The fourth given is the same type as the third and 
merely shows the increase in unit cost for the reinforced type when the building 
is reduced in size. 

With thèse figures as a basis it is évident that the concrète house is in the long 
run more economical, because of its greater permanency and the lesser chance 
of damage to it and the equipment it contains, by tire and other causes. 

In addition to the roundhouse described below a number of différent types 
of concrète roundhouses are illustrated by the photographs in the back of the 
book. 

WATERBURY ROUDNHOUSE, N, Y., N. H. & H. R, R. While this 
roundhouse as designed, includes 22 stalls, the part constructed at the présent 
cime consists of 10 stalls, each comprising about K degrees of the circle, and is 
connected at one end to a machine shop. 

As will be seen from the radial section in Fig. K9 the house consists of four 
circumferential rows of hooped concrète columns carrying beams and roof slahs 
of reinforced concrète. 

The entrance, as shown by the stall élévation in Fig. 87, is closed in by large 
round slat rolling doors between the columns. while the outer circle is encom- 
passed by a brick wa 
line with the tracks. 

■Proceedinits Ameriran I 



Each stall is equipped wîth an asbesios lumber smoke-jack and each pit îs 
provided with steam pipes for removing ice and snow from the locomotives. 
Fig. 88, which is a cross section of a stall pit, shows the arrangement of thèse 
pipes. 

Permanent compressed air jacks are inscalted in drop pit under the tracks 
of two of the longitudinal pits to remove rrucks which can then be slid into a 
transverse pit and thence into the machine shnp. 
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FIG. se.— CROSS SECTION STALL PIT, WATERBORV ROUNDHOUSE. 

The drawings in Fig. 89 show the essential détails of design and construc- 
tion of the columns and roof construction. 

The columns are of square section 14 by 14 inches and are reinforced with 
six |-inch plaîn square bars hooped with |-incb round hooping ^-inch pitch. 

The method employed in constructing the roof présents a rather unique and 
interesting feature. While the main girders were cast in place in the usual man- 
ner the intermédiare beams and roof slabs were moulded on tbe ground, cured 
and hoisted to their required position and groured in place. The intermédiare 
beams, set in reinforced bracketed pockets on the main girder to which they 
are rigidly connected, were locked by extending tbe reinforcement from both 
beam and packet and filling the joints with wet concrète. The photograph in 
Fig. 87 of the roundhouse during érection, shows this form of construction very 
clearly. ^ 

As will be seen from Kig. 89 tbe slabs which are made in ■ of about 

four feet rest directly on top of tbe intermédiare beams a 




•■^ders. 



Thèse slabs are 3 inches thick and are reinforced wîth woven wire mesh fabric. 

After the slabs were set, the roof was covered with pîtch and slag. 

A mixture of 1:2:4 concrète was used throughout in the construction of the 
roiindhouse. 

neintorcsd Concrets floof 
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PART ■ SECTION 

PIG. M.—RADIAL SECTION WITH DÉTAILS OF ROOF CONSTRUCTION, WATBRBURY RODNDHOUSB. 

The roundhouse was desigiTed by the engineering department of the Ne» 
York, New Haven and Hartford Raiiroad, Mr. Edwin Gagel, Chief Engîneer. 
under the direction of Mr. E, H. McHenry, Vice-Président, and was built in 
1909 by the O'Brien Construction Company of Waterbury, 

HURON ROUNDHOUSE, C. & N. W. RY. The photograph in Fig. 90 
shows the 40-stall engine house of the Chicago and Northwestern Railway ai 
Huron, S. D,, under construction. This is a combination brick and concrète 



structure with ail of the foundations, pits and underground work of c 
construction. It was built for the Chicago and Northwestern Raiiway by the 
Charles W. Gindele Co. of Chicago in 1907. 



PIG. 90.— HDKON ROnnOHOUSE DURIRG COMSTROCIION. 

TURNTABI.F, PITS. 

In connection with roundhouse construction the subject of turntahie pirs is 
of spécial interest. The facility and cheapness with which concrète pits can 
be built is so generally recognized that practically ail turntable pits constnicted 
to-day are built of concrète. 

The photograph in Fig. 86, page 120. is of a standard turntable pit on the 
Santa Fe System, while the drawings in Fig. 91 .show the standard pit for a 30- 
foot turntable on the N. Y. C. & H. R. R. R. 

STANDARD PIT. N. Y. C. & H. R. R. R. Fig. 91 shows the essential 
détails of design and construction of this pit, logether with a drawing of the 
turntable itself. 

As will be seen from the drawings in Fig. 91, the turntable is supported by 
a center pier surmounted by a complète templet $ feet by 5 feet by I foot 6 
inches. The concrète for the pier itself is mixed in the proportion of 1 part 



Portiand cernent to 3 parts sand to 6 parts broken stone ar 
in the proportions of 1 : 1 :2. 

The floor of the pit consists of 4 inches of 1 :2:4 concret 
well tamped cinders. 



FIG. 91.— STANDARD 80-PT. IDKKTASLE I 



The circulât run rail is carried on a seat of 1:3:6 concrète resting on a foun- 
datiop 5 feet wide and 4 feet high composed of 1 :4:7>ï concrète. 

Ail exposed corners and edges of the concrète work are rounded lo a 1-inch 
radius. - 



CHAPTER X. 



SIGNAL TOWERS, WATER TANK SUPPORTS AND BUMPINC. 
POSTS. 



SIGNAL TOWERS. 

Raîlroads throughout the country are experiencinK a period of architect- 
ural Renaissance. Structures which hâve in the past heen built of temporary 
construction, apparently regardiess of outward appearance, are being replaced 
by permanent buildings of artistic design. This is particularly true in the cate 
of signal towers, the old unsightly and necessarily temporary v/inidtn itructuref 
being superseded either by entire concrète or combination concrète and brick 
tnwers of pleasng appearance and permanent construction. 
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terior and Jnterior walls are of plain 1:3:5 gravel concrète, while the floors are 
of 1:2:4 gravel concrète reinforced with No. 16 2j^-inch expanded métal. The 
gênerai features of design and construction are shown very clearly by the draw- 
ings in Fig. 94. 

As will be seen from the photograph in Fig. 93, the architecutral treacment 
of the building is enhanced by the use of indented arches over the lower Win- 
dows, and by a projecting omamented beit course which runs around the eniire 
building and serves as a lintel for the upper Windows. The roof is designed along 
pagoda lines with a very pleasing resuit. 

The tower was designed by the engineering department of the raiiroad and 
built by its building department in 1906. 



i. «s.— KINGSBRIDGE SIGNAL TOWER, N. Y. C. * H 



KINGSBRIDGE TOWER, N. Y. C. & H. R. R. R. The standard signal 
towers of the electric zone of the New York Central and Hudson River Raii- 
road are combination brick and concrète structures a typical example of 
which is shown by the photograph of rhe Kingsbridge Tower in Fig. 95. The 
footings and foundation walls below grade are of 1:4:1^ concrète, and the 
walls above grade up to the first floor level are of 1:3:6 concrète. AU the sills 
and lintels, the coping, the overhanging bay window and supporting brackets 
'3' 
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rerior and interior walls are of platn I:.);5 gtavrl nnintt», i'i,.\* »•* t 
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and the comice are of 1:2:4 concrète, the détails of construction of which arc 
shown by the drawings in Fig. 96. 



Cernent Afoi/M 
ÔLC.THROUGH BAY WINDON 

ne. M.— DETAILS OP COHSTRnCTIOH. KinGSBRIDBE SIGNAL TOWBR. H. T. C. A H. R. H. R. 

The excellent finish of this work was obtained by floating the green con- 
crète with water and rubbing it with a mortar brick composed of 1 part cément 
to 2 parts sand. The floor and roof construction consists of 1:2:4 concrète slabs. 
reinforced with >^-inch round rods, supported by steel I-beams. 

GROVE ST. SIGNAL TOWER, D-, L. & W. R. R. This tower, located 
about 250 feet west of Grove Street, Hoboken, is built entirely of reinforced 
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concrète and was designed and constructed by the engineering department of 
the Delaware, Lacicawanna and Western Raiiroad, Mr. Lincoln Bush, Chief 
Engineer, and Mr. F. J. Nies, architect. The gênerai détails and essential features 
of design and construction are shown in Fig. 97, while the photograph in Fig. 
98 is of the tinished structure. 



PIC. 98.— SIGNAL TOWKR. GROVE STREET, HOBOKEH, D., L. A W. R. R. 

There are several interesting features of construction in connection with the 
tower which are somewhat out of the ordinary. The side walls rest on creo- 
soted giles spaced 2 feet 8 înches apart, white the front and rear walls are car- 
ried by reinforced concrète girders spanning from side wall to side wall. At the 
first floor level there is a concrète platform leading to the îron stairs in the rear 
which is supported on reinforced concrète brackets cantilevering 3 feel from 
the side wall of the building. The roof, which overhangs 1 foot 10 inches, and 
appears from the ground to be flat, is a reinforced concrète slab pitching from 
a thickness of 3 inches at the walls to 10 inches at the center. With the excep- 
tion of the overhang. which is tiashed with 16-ounce copper, the concrète slab 
is covered with slag roofing. 

The concrète for the entire building was mîxed in the proportions of 1:2:4, 
and ail exposed surfaces were rubbed. 

In designing the tower a ratio of elasticity of 15 was assumed, and the con- 



crête was figured at 600 pounds per square inch fiber stress, 500 pounds per square 
inch direct compression, and 50 pounds per square inch shear. while the steel 
was given a censile stress of 16,000 pounds per square inch. 

WATER TANK SUPPORTS. 

Owing to ics strength, rîgidity and résistance to lire and decay, reinforced 
concrète is aptly suited for the construction of water tank supports. 

In addition to the support described below, other examples of tHis form of 
construction are illustrated among the miscellaneous photographs in the back 
of the book. 



ne. 99.— DBTAtLS OF CONSTRUCTlOn, WATEHBORY WATER TANK SUPPORT. 

WATER TANK SUPPORT AT WATERBURY, N. Y-, N. H. & H. R. R. 
This tank support, octagonal in form, is 30 feet 9 inches wide, with the plat- 
form carrying the water tank 40 feet above tbe ground line. It is designed to 
carry a 55.400 gallon wooden tank. 



The essential détails of design and construction are shown clearly by the 
drawings in Figs. 99 and 100, while the photograph in Fig. 101 is of the finished 
support. 
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FIG. 100.— PLAN, HALF SECTION AND HALF ELEVATION WATBR TANK SUPPORT, N. T., N. H. à. H. R. R- 



The method of reinforcing the supporting columns présents a rather unique 
and interesting feature. This reinforcement consists of two 95-pound third rails 
placed back to back and riveted every 3 feet, making a section in the form of a 
star strut. 

The platform which is 9 inches thick is reinforced with j/^-inch corrugated 
bars 4 inches on centers in both directions while the beams and diagonal 
braces are reinforced with J-inch corrugated bars bent and hooked as shown 
in Fig. 99. 
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Concrète for the support was mixed in the proponions of 1 part Portland 
Cernent to 2 parts sand and to 4 parts screened grave). 

The structure was designed by the Engineering Department of the railroad 
and built by the O'Brien Construction Company of Waterbury, Conn., during 
the fa» of 1908. 



-^- PIC. lOZ.— CONCRETB BOHPIHG POSTS, D., t. * W. R. R. 

BUMPING POSTS. 

A bumping post, to insure safety against rotating or breaking down under 
constant buffing. must be constructed so as to be anchored in the earth direct 
rather than attached to the track itself. as is the case with practically ail of the 
patented posts now in use on raiiways in this country. By the use of concrète, 
bumping posts can be constructed economically so as to meet the conditions 
of stabiHty and permanence. 

STANDARD CONCRETE BUMPING POSTS, D.. L. & W. R. R. This 
post is given in détail by the drawings in Fig. 103, while the photograph in FJg. 
102 shows three of the posts in service at Newark, N. J. As will be seen from 
the drawings, the buffer block is of granité and the reinforcement of the post 



consists of 80-pound rails connected with l><J^-inch tie rods. The footing of the 
post is carried down to solid foundation. 
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no. 103.— STANDARD CONCRETE BUMPING POSTS, D., L & W. R. R. 
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CHAPTER XI. 



POWER STATIONS, SHOPS, WAREHOUSES AND GRAIN ELEVA- 

- VATORS. 

POWER STATIONS. 

The electrification of railorad Systems, which bids fair to be a thing of the 
near future, will necessitate the construction of a large number of power stations 
along the Unes of railroads adopting this form of motive power. 

Concrète construction in addition to its low first cost, facility of érection and 
fireproof character is especially adapted to the building of power plants on 
account of its inhérent strength, résistance to vibrations and freedom from 
détérioration. 

The New York, New Haven and Hartford Railroad, one of the earliest 
pîoneers in the field of heavy electric traction, has installed electric equipment 
on its Unes from Woodlawn, N. Y., to Stamford, Conn., with the power sta- 
tion for this twenty miles of road located at Cos Cob, about three miles from 
Stamford. This power house described below is of concrète construction and 
is a noteworthy example of the pleasing appearance which can be given to a purely 
utilitarian structure by engineers who pay spécial attention to the architecural 
treatment of their designs. ; 

COS COB POWER PLANT, N. Y., N. H. & H. R. R. The power house 
is located at Cos Cob, three miles west from Stamford, on the Mianus River, 
about a mile from Long Island Sound. The engineers in charge of the design 
and construction of the plant adopted the Spanish Mission style of architect- 
ure for the exterior of the building, with a very pleasing resuit. The interior 
is divided into a turbine room 60 feet wide by. 112 feet long, with a switch- 
board occupying an additional space of 25 feet by 110 feet and a boiler room 
160 feet long by 110 feet wide. 

The photograph in Fig. 105 shows the track side, while Fig. 104 is of the 
water side of the power house. 

The foundations, column footings and walls up to the . water stable, are 
monolithic concrète mixed in the proportions of 1 part Atlas Portland 
Cernent, 3 parts sand and 5 parts 2-inch crushed granité. AH exposed sur- 
faces of the walls hâve a bush-hammered finish. For the water-table, window 
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arches, coping and window sills, monolithic blocks are used. Thèse blocks, are 
built in spécial shapes and are made of concrète of the same proportions as the 
other monolithic work, and hâve the inner and outer surfaces faced with a mix- 
ture of 1 part cément to 2 parts sand. 

The walls above the water-table are of hollow blocks, 10 in. by 12 in. by 24 
in., composed of a mixture of 1 part cément, 3 parts sand and 3 parts l>^-inch 
crushed granité, faced on the exterior surface with a mixture of 1 of cément to 
2 of sand, and where the inner surface of the wall is exposed with a mixture of 
1 part cément to 4 parts sand. Ail the window lintels were cast in place, and 
consist of 1:3:5 concrète reinforced with two ^-trussed bars. 
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FIG. 106. -CROSS SECTION THROUGH TURBINE ROOM. COS COB POWER PLANT. 



In designing the structural features of the building, the following live loads 
per square foot were used: Coal bin floor, 550 pounds; engine room and gal- 
lery floors, 400 pounds; boiler room floor, 340 pounds; fan room floor, 200 
pounds; roof, 30 pounds. With the exception of the roof slabs, which are of 
cincer concrète, the stresses allowed for the concrète are 600 pounds per s 
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inch extrême fiber stress, 400 pounds pet square inch direct compression, and 
60 pounds per square inch shear, and for the steel a tensile stress of 16,000 pounds 
was assumed. 

The columns in the boiler room are of structural steel, but ail other col- 
umns in the building are composed of concrète blocks made by lilling the cored 
air spaces of the hollow blocks with concrète of the same mixture as the blocks 
themselves. Over the turbine room where therc are no steel columns the 
steel roof trusses are carried by the concrète block wall, the blocks being solid 
for several courses below trusses to properly distnbute the load. Over the 



FIG. lOT.— TURBINE ROOM, COS COB POWER PLANT. 

boiler room the trusses are supported in the same way and aiso by the interior 
steel cnlumns. 

The front of the switchboard gallery, at one end of the turbine room, is 
carried on concrète block columns, which aIso support a reiilforced concrète 
girder forming one of the crâne runaways, which carry an electric traveling 
crâne, provided with two 17>^-ton trolleys. The other crâne runway is formed 
by a similar girder built into the partition wall between the engine room and 
boiler room, and is carried by pilasters formed in thîs wall. Thèse girden 
furnish » rather unique feature, for while they are essentially concrète girden 
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36 by 36 inches reinforced wîth tmssed bars, thcy are built with the bottom 
slightly arched and the sides and bottoms ribbed to imitate keystone and vous- 
soirs, the whole giving the appearance of a segmentai arch. The griders are 
shown clearly in the photograph of the turbine room in Fig. 107 and by the draw- 
ings in Fig. 106, which are of a cross section taken through the turbine 
room. 



With the exception of the basement floor, which is 1:3:5 concrète laid directly 
upon the foundation rock, the floor System consists of concrète slabs, reinforced 
with twisted steel rods, carried on the top flanges of I-beams. Thèse slabs were 
mixed in the proportions of 1 part cernent, 3 parts sand and 5 parts J^-inch broken 
stone with a 1-inch granolithic finish applied before the underlying concrète had 
time to dry. After the floors had dried ont they were given two coats of lin- 
seed oil and lampblack. In the engine room the floor finish is carried up at the 
side walls and columns to form a base 10 inches high and 1|^ thick for a 6 foot 
wainscoting of Faience tile. Above this wanscoting the walls are unfinished 
except for a cément wash. 

The roof, which bas a pitch of 4j^ inches per foot, is of 1:2:4 cinder con- 
crète laid between 3-inch 5!^-pound l-beam purtins 3 feet on centers, and is 
finished on the exterior with red Ludowici interlocking tiles set on 1 inch by 
2 inch strips 24 inches on centers, and secured thereto by means of staples and 
copper wire. Between the tiles and the concrète there is one thickness of tarred 
papcr. 

A self-supporting steel stack 13 feet 6 inches in diameter and 46 feet high 
is carried by the steel columns which support the fan room floor, thus leaving 
the space below, in the boiler room, entirely clear. 

Work on the power house was started Feb.3d and steam was turned on 
Nov. 4, 1906. The construction plant consisted of one ^ and one Ij^-yard 
mixers, a stone crusher, 3 boom derricks, a temporary power plant, buckets, 
etc., and two block machines. The material excavated was a gneiss rock, and 
fumished after crushing and screening ail the broken stone for the building, 
and a sufiicient quantity of screenings to take the place of sand for the exterior 
walls. For the wall forms 2-inch matched spruce was used and for the floor 
and roof slab forms 1-inch matched spruce. The monobthic blocks which were 
molded in pine forms, well greased, were mixed very wet. and after the removal of 
the forms were stored under canvas 24 hours and then left in the open for three 
weeks. After the hollow blocks were tumed out of the machine they were cured 
in the same manner. 

The plant was designed, erected and equipped by the Westinghouse, Church- 
Kerr Company under the direction of Mr. E. H, McHenry, Vice-Prcsîdent of the 
New York, New Haven and Hartford Railroad. 



SHOPS AND WAREHOUSES. 

The same advantages which reinforced concrète possesses over other ma- 
terîals for the construction of power houses are equally enjoyed by it as a n 
for shop and warehouse buildings for raiiway purposes. 



PIC. 108.— BOGALUSA SHOPS DBRING CONSTRDCTIOn, St. O. & G. N. R. R. 

The field of reinforced concrète in shop and warehouse construction is so 
vast that it is impossible to even attempt to cover it in this chapter, but the 
reader is referred to "Reinforced Concrète in Factory Construction," published 
by The Atlas Portiand Cernent Company, as a more complète treatise on the 

In addition to the structures described and illustrated below, there are a 
number of shops, freight sheds, warehouses and inspection sheds shown among 
the miscellaneous photographs in the back of the book. 

N. O. & G. N. R. R. SHOP AND STORE HOUSE, BOGALUSA, LA.- 

The photograph in Fig. 108 shows one of the shops during construction and 

Fig. 109 is of rhe finished store house of the New Orléans and Great Northern 

Railroad at Bogalusa, La. With the exception of the roof, thèse buildings 
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are of concrète construction throughout. They were designed and erected by 
the Arnold Company of Chicago, in 1907 



FIG. IM.— STORE HODSE, BOGALIFSA, LA., H. O. * G. N. R. R. 

MOIT HAVEN CAR SHOPS, N. Y. C. & H. R. R. R.— The Mott Haven 
shops are 250 feet long. 43 feet 10 inches wide, and, as will be seen from the photo- 
graph in Fîg. 110, they are built in alternate high and low bays, the former 25 
feet high and the latter 19 feet 4 inches. As windows are provided in each side 
of the high bays above the roof of the low ones, this construction takes the place 
of the ordinary saw-tooth roof. 

In gênerai, the buildings consist of 2H-inch cernent mortar curtain walls 
reinforced with truss métal lath. No. 28 gage, resting on a concrète foundation 
wali rising 4 feet above the ground level. The roof is carried on Hght angle 
crusses supported by I-beam cotumns placed every 16 feet 8 inches at the division 
betwcen the adjoining high and low sections. Between the columns and window 
frames steel girts are placed to form a support for the truss métal lath reinforce- 
ment of the walls. 

The métal lath was kept in place and held rigidly by means of temporary 
1 by 1 inch angles spaced about 2 feet apart. The mortar, which was mixed 
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no. 113.— LO.M)IIIO PIATTORH, BIODX CITT. lA. 



The walls, which are embellished with rustications, moldings, dentils and 
comices, are 20 mches thick to the second story, 16 înches thîck to the third 
story, and 12 inche^ thick from there up to the top. The rein forcement for the 
walls consists of expanded métal and ^-inch rods laid horizontally about 4 feet 
apart. 

The concrète for ihe walls, floor slabs, column covering and roof slabs, was 
mixed in the proportions of one part Atlas Portland Cément, to 2 parts Cowe 
Bay washed sand, to 4 parts ^-inch crushed stone. 



FIG. m.— IfBWARK WARBHOttSE, C. R. R. OF H. J. 

The warehouse was designed and constructed under the gênerai direction 
of Mr. Jos. O. Osgood, Chief Engineer of the C. R. R. of N. J., hy the John W. 
Ferguson Co., Paterson, N. J., in 1907. 

PORT MORRISS BOILER HOUSE, D., L. & W. R. R.— The photograph 
in Fig. 112, page 150, shows a boiler house of heavy concrète construction built 
at Port Morris, N. J., for the Delaware, Lackawanna & Western R. R, 

LOADING PLATFORM, SIOUX CITY, lA.— In connection with ware- 
houses and storage sheds, the construction of loading platforms is of spécial 
interest. The photograph in Fig. 113, page 150, shows a reinforced concrète 
platform 164 feet long and 14 feet wide, which was constructed in 1908 at a cost 
of $2.500. 
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in the center of the wall, as in Fig. 115, or double when the bars are placed ncar 
the surface. This reinforcement may be continuous, rising from the bottom 
to the top as a spiral, in which case high steel wire is generally used, or may 
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FIG. 115.— CROSS* SECTION OF TYPICAL RBINFORCBD CONCRETE GRAIN BLBVATOR. 

be placed in separate rings, as in Fig. 117. The vertical reinforcing bars zvt 
equally spaced, and are wired or clamped to the horizontal rods at intersec- 
tions. 

The horizontal reinforcement is generally designed to take ail the teniile 
strçssçs resulting from the pressure of the grain» while the vertical reinforc^ 



ment carries the load between the horizontal reinforcement, and takes its pro- 
portion of the vertical load. The walls hâve a négative bending moment at the 
points of horizontal reinforcement, and a positive bending moment halfway 
between the horizontal reinforcement. The pressure on any horizontal section 
equals the weight of the wall plus the weight of the grain carried by the walls, 
and this pressure is carried by both the concrète and the steel. 

While the space hère is too limited to go into the discussion of the theory 
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FIG. 117.— SECTION THROUGH BINS, TYPICAL CONCRETE GRAIN ELEVATOR. 

of the pressure in grain bins or to give the methods employed in designing the 
structural features of reinforced concrète grain elevators, the reader is referred 
to **The Design of Walls, Bins and Grain Elevators," by Milo S. Ketchum, as 
a complète treatise on the subject. 

Among the miscellaneous photographs in the back of the book are shown 
a number of reinforced concrète grain elevators of différent types. 
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CHAPTER XII. 



STORAGE RESERVOIRS. 

The advent of power construction into the field of raiiroad engineering inci- 
dentally introduces another problem for raiiroad engineers in the subject of storage 
réservoirs for supplying thèse plants with water. 

Reinforced concrète has been used extensively in the construction of réser- 
voirs and when properly designed and constructed is a most suitable material 
on account of its durability and adaptability to lighter design than common 
masonry. For large or small tanks it is usually cheaper than steel and requires 
no repairs. 

Réservoirs are built most economically of circular form, and ail the tensile 
stresses must be taken by the steel hoops. ^ 

In building water tanks, the materials for the concrète must be very care- 
fuUy proportioned so as to give a water-tight wall and the stone should be of such 
size that a good surface can be easily obtained. The proportions used to resist 
the percolation of water usually range from 1:1:2 to 1:23^:4>^, the most common 
mixture being 1:2:4. 

The concrète should be mixed so that it will entirely cover the reinforcing 
métal and flow against the form. It is absolutely essential that the concreting 
for the entire tank should be done in one opération, or else that the surface be 
specially prepared and treated to make water-tight joints. 

COS COB STORAGE RESERVOIR.— In connection with the power plant 
of the New York, New Haven & Hartford R. R. at Cos Cob, Conn., described 
in Chapter XI, there is a 564,000 gallon reinforced concrète storage réservoir 
80 feet in diameter and 15 feet deep. The architectural treatment of the exterior 
of the réservoir is in keeping with that of the power house and présents a very 
attractive appearance. As will be seen from the photograph in Fig. 119 and 
the section in Fig. 118, the wall has a comice projecting 13}4 inches and a base 
7}4 inches, while the flat space between is relieved with a séries of forty arched 
indented panels. To further the effect of thèse arched panels, the face of the 
concrète of the indented surface is roughened, and the remainder of the exterior 
is given a smooth cément mortar finish. 
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AU thc concrète was mîxed in the proportions of 1 part Atlas Portiand 
Cernent, 3 parts sand and 5 parts K-'nch crushed fc''3ii'tc- T^c wall in 
reinforced circumferentially with cast steel transmission rope, varytn|{ in 
diameter from i} inches at the base to | inches at the top, forminx a ctm- 
tinuous spiral with 12 foot splices made with 16 chps where the ends of différent 
sizes of cable are joined. Wired to the inside of this rope spiral is a coniinu- 
ous sheet of 3 by 12-inch mesh wire cloth, placed in vertical strips and extend- 
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pipes run inio a concrète valve chamber 11 feet 4 inches long, 5 feet 8 tnches 
wide, and 5 feet 3 inches high, in the top of which is a 30-inch manhole havinf; 
an American Brake Shoe and Foundry Cotnpany's standard manhole frame 
and cover. A 3-inch steam pipe runs from the power house through the valve 
chamber and into the tank where it is carried half way across the floor on 
small brick piers 6 feei on centers. This pipe has a perforated uptumed end 
so as to keep the water above ihe freezing point in cold weather. 

In building the tank, the forms for the exierior wall were erected complète 
from the foundations to the coping. The S'piral rope reinforcing was then 
hung on screw hooks driven into the inner surface of thèse forms and the 



ROUGH VALVS CHAHBBR. COS COB STORAGB RESERVOIR. 

wire cloth was wired to the spiral. The instde forms were built up a few feet 
at a time, and were wired through the vertical supports to the outer forms. The 
concrète was mixed in a H yard rotary mixer located just outside the réservoir, 
and was carried inside in 1 yard skips by a guyed derrick placed in the centcr 
of the tank and operated by a hoisting engine standing outsîde. The derrick 
cables were run through holes in the wall which were filled in after the forms 
were removed. Two weeks after concreting the walls the forms were re- 
moved, the derrick taken out, and the waterprnofing was applied as described 
above. 
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The réservoir was designed and erected by Westînghouse, Church, Kerr & 
Co., of New York, the engîneers and consiructors of the powcr plant, 

PITTSBURG, STORAGE RESERVOIR, KANSAS CITY SO. RY.— 
This réservoir, 85 feet in diameter, which serves as a storage supply for the 
Kansas City SoutKem Raiiway shops at Pittsburg, Kan., is shown by the 



no. m.— PITTSBURG STORAOB RESERVOIR. K, C. S. RV. 

photograph in Fig. 121. The réservoir rests on a puddie clay bottom, on which 
a 6-inch cinder lill is placed, and has a concrète wall 4 inches thiclc mixed in the 
proportions of one part Atlas Portland Cernent to 2 parts sand to 4 parts bmken 
stone, with a ^-inch 1:1 mortar finish. The total cost of the réservoir, which 
included t,500 yards of excavation in addition to 66 cubic yards of 1:2:4 concrète, 
was $736. The Arnold Company of Chicago were the engineers in charge of the 
design and construction. 



CHAPTER XIII. 



DOCKS. 

Inasmuch as practically every raiiroad System in the country owns valua- 
able water front the question of dock construction is a most important one. 
The terrible fires with theîr attendant dévastation along the water fronts 
of Hoboken and of Boston hâve demonstrated only too clearly the absolute 
necessity of positive fire protection in structures of this nature. The new piers 
which the Delaware, Lackawanna and Western Raiiroad designed to replace 
those bumed down in the Hoboken fire of 1904 were built entirely of concrète 
construction from the cut-ofF of the piles. This type of pier, which is described 
below, is proof against fire and decay and shoutd be practically free from main- 
tenance. 

In the tropics where the waters are infested with timnoria and teredos 
which destroy a wooden pile in a few years and where the very atmosphère 
itself eats away unprotected wooden and steel structures reinforced concrète 
is especially adapted to the construction of wharves and warehouses. Prac- 
tically ail the docks of any magnitude now being constructed in South and 
Central America and the Philippines are designed as entire concrète struc- 
tures. 

The Almirante wharf of the Changuinola Raiiroad at Bocas del Toro, 
Panama, described on page 163, is an interesting example of this type of con- 
struction. 

HOBOKEN PIER, NO. 7, D., L. & W. R. R.— This pier, which is the first 
of a séries to be built on the same gênerai scheme along a railway yard ship canal, 
is 100 feet wide and 600 feet long. 

As will be seen from the transverse section of the pier, shown in Fig. 122, 
the construction in gênerai consists of a 6-inch concrète floor carried on a cinder 
fill retained between concrète face walls and supported on a solid timber of 
grillage carried on piles eut ofF at low water level. 

Thèse piles, which are from 85 to 95 feet in length, are driven 3 feet apart 
in transverse rows 5 feet apart. Each pile is proportioned for a maximum 
load of 12 tons. At mean low water they are capped with continuous, 12 by 
12-inch transverse timbers, drift bolted to them. Spiked to thèse caps are 
longitudinal 6 by 12-inch planks laid close to form the deck. On either side 
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of che pier the outer planks altemate with three 12 by t2-inch longitudinal 
timbers which project above the top of the deck and form ribs to prcvent the 
concrète side walls from slipping or transverse displacement. 

The Steel shed and platform are carried on concrète piers and longitudinal 
walls which are built about 11 feet high to the level of the pier floor. The 
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photograph in Fig. 123 shows one side wall and one row of intermediate piers 
during construction. 

The space between the side walls is filled with rolled cinders about 9J^ feet 
deep under the shed and 6 feet deep outside where the railroad tracks are laid 
directiy on it. 

The pier shed shown in élévation hy the photograph in Fig. 124, and in sec- 
tion by the drawings in Fig. 122, is 59yi feet wide and 594 feet long, and con- 
sists of a 6-inch concrète floor without surface finish laid directiy on the cinder 
fill with a superstructure of steel framework carrying reinforced concrète walls 
and roof. 

In connection with the side walls, the provision made to allow for the 
future adjustment of the walls présents an interesting and important feature 
in construction of thi's type where seulement of foundation is Uable to occur. 



The foot of the wall, which is 6 inches thick, Js built in a slot in the concrète 
floor 6 inches deep and 7 inches wide. Two thicknesses of tarred paper separate 
the wall from the floor thus preventing the possibility of adhésion between the 
two concrète surfaces, so that the wall, although having a clearance of J-i-inch 
on each side of the slot, is held securely against transverse displacement and 
forms a closed point at the bottom, the upper edges of the 5^-inch crack being 
caulked with oakum and pointed with cernent mortar. 



no. 124. -PŒR SRBD, MOBOKKM PŒR, D.. l. te W. R. R. 

f If settlement occurs, the wall and the steel superstructure will be jacked up 
to level the roof and the openings on each side of the slot in the floor will be re- 
caulked and repointed thus restoring the ordinary appearance of the wall. 

The shed is divided approximately into equal parts by a transverse reinforced 
concrète (ire wall 12 inches thick. 

The pier and shed were designed by the engineering department of the Dela- 
ware, Lackawanna and Western Railroad, Mr. Lincoln Bush, Chief Engineer, 
and Mr. G. T. Hand, assistant engineer in charge of design, and the gênerai 
contracter was Mr. Henry Steers, of New York City. 

ALMIRANTE WHARF, BOCAS DEL TORO, PANAMA.— This wharf 
which is at the terminus of the Changuinola Railroad, Almiranie, Bocas del 
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Toro, Panama, îs of spécial interest owing to the fact that it is of reinforced con- 
crète throughout and that in Jts construction the problem of pile protection in 
the tropics has been successfully solved. 

It is approximately 700 feet long and 54 feet wide and is connected with the 
mainland by a creosoted timber trestle approach about 800 feet in length. The 
photograph in Fig. 12S shows one-half of the shore side of the wharf. 



PIO. 12S,— ALHDtANTE WHARF, BOCAS DEL TORO, PANAMA. 

As the piirpose of the wharf is the loading of bananas onto the outgoing. 
and the temporary storage of gênerai merchandise received from the incoming. 
steamers, the front of the wharf for a distance of 23 feet is open to allow the 
free use of automatic loading machines, while the remainder is covered with a 
Steel storage shed, open 6 feet from the bottom in the rear and 14 feet in the front- 
The bananas are carried to the loading machines by a 3-foot gauge track in 
front connected by cross-overs to two similar tracks running the length of the 
storage shed. 

As will be seen from the cross section in Fig. 126, which shows the essentiel 
détails of design and construction, the wharf consists of a séries of reinforccd 
concrète columns supporting a system of main girders and cross beams whîch 
in turn carry a 7-inch floor slab. The columns rest on wooden piles spaced 10 
feet on centers, protected by a four-inch covering of concrète. 

This method of protecting the wooden piles from the attacks of teredos 



consisted in driving a 2-mch concrète shell — 20 inches in diameter at the top 
and 16 inches at the bottom reinforced its full length with 4-inch by 12-inch 
wire cloth over the wooden pile and into ihe harbor bottom two feet. 
The shell was then sealed at the bottom with concrète, the water pumped 
out and the intermediate space between the shell and the pile fîlled with con- 
crète to the level of the top of the shell which was about 2 feet above the top 
of the pile and 1 foot above high water. The shells were made in lengihs 



TRANSVCnSE SECTION 

yiG. 12tt.— CROSS SECTION, ALHIRANTE WHARF. 

varying from 32 feet to 12 feet according to the depth of water and were com- 
posed of concrète mixed în the proportions of 1 part Portland cément to 2 parts 
of crusher dust to 3 parts of >i-inch hroken stone, and the lilling consisted of 
concrète mixed in the proportions of 1:2:4. 

In constructing the columns, girders and beams, a mixture of 1 of cément 
to 2 of sand to 2 of crusher dust to 3 of l-înch broken stone was used and for the 
door slabs a mixture of 1 :2 :1 :3 of the same materials. 

The reinforcing rods for the columns were embedded four feet in the fill- 
ing between the shells and the piles and were carried up through the main 
girders and into the floor slab, thus securely tieing together the entire structure. 
For the columns, main girders and raiiroad beams, 7-8-inch round rods were used 
for reinforcing, and for the ftoor slab, J^-inch round rods. 



Fig. 127 shows in détail the ship bufFer, which consists of two 8 by 12-inch 
creosoted timbers protected by 2 by 10-inch wearing strips every 3 feet 4 inches 
with a railroad car spring of 19,000 pounds résistance, resting in a cast steel socket 
embedded in the concrète at each bent to take the shock. 

Every 50 feet, hollow steel mooring bits were placed on, and bolted to, con- 
crète pedestals and were then filled with concrète as shown by the détail in 
Fig. 127. 

With the exception of gênerai foremen, native and Jamaican labor was used 
ihroughout, both for building, the forms placing the concrète and erecting the 
steel shed. 
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no. 127.— DETAIL OF SHIP BUFFER. ALUIRANTE WHASP 

The mechanical equipment consisted of a stone crusher, a ^-yard rotar\' 
mixer with hoist, a floating pile driver with a No. 3, 4,500-pound steam pile 
hammer, 6 charging carts, an improvised machine for bending the rods cold, 
and a number of narrow gauge cars on which the shells were made. 

The wharf was designed by Mr. T. Howard Bames with Mr. J. R. Worces- 
ter as consulting engineer, and was constructed under his supervision in the fall 
of 1907 and the winier of 1908, with Mr. Chester S. Allen as résident engineer 
and Mr. Robert V. O'Brien as superintendent for the United Fniit Com- 
pany. 



CHAPTER XIV. 



TUNNELS AND TUNNEL LINING. 

One of the most common uses of both plain and remforced concrète îs in 
the construction of tunnels and subways. The term tunnel as generally un- 
derstood by raiiroad engineers is applied to construction under cover, in which 
the tunnel bore is advanced by djifting, the surface of the ground above the 
work not being disturbed. The term subways is applied to open eut construc- 
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tion. A tunnel for heavy and fast raiiroad iraftic should be built wîth the 
entire lining, and for still greater economy with the roadbed of concrète. 
The old Bergen Hill tunnel on the Lackawanna Raiiroad is lined with brick 
for a portion of its length, yct fourteen meii are at work every night in the 
yeaj inspecting the lining and repairing the track. This expensive and dan- 
gerous maintenance work, which costs annually approximately $6,000, is prac- 
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tically eliminated in the new tunnel described on page 173, which is built with 
the entire lining and roadbed of concrète. 

The standard tunnel sections of the New York Central and Hudson River 
Raiiroad described below and illustrated by the drawings in Figs. 129, 130, 131. 
132, 133, show the methods of construction employed in building tunnels through 
the différent kinds of material encountered in this class of work. 

At the end of the book are shown photographs of a number of représenta- 
tive types of tunnels constructed by various raJIroads throughout the country. 
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STANDARD TUNNEL SECTIONS. N, Y. C. & H. R. R. R.— Type B. 
Fig. 129 shows a cross section of the standard tunnel designed to meet the 
condition of solid rock with firm sides and r<Kif but with danger from future 



falls. The lining for the arch is 22 inches thick and is composed of pUin con- 
crète mixed in the proportions of 1 part Portland cernent to 2 parts of sand to 
4 parts of broken stone. While the distance given between the tracks is 12 feet, 
this may be increased to 13 feet without changing the width of the tunnel. Vit- 
rilied pipe, whose size dépends upon the length and amount of water to be car- 
ried ofT, is laid in tbe drain with open joints. 
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Type c, Fig. 130. shows a cross section of the tunnel where the lining is 

through solid rock, and the tunnel is designed with firm sides and yielding 

roof. The concrète lining for the arch is 22 inches thick and is mîxed in the 

proportions of 1:2;4, The 12 by 12-inch oak ribs carrying thç 4 by 8-mch 
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lagging are spaced 5 leet centcr to 
given in tabulated form in Fig. 130. 
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Type D, Fig. 131, is a cross section of a tunnel through firm but not self- 
sutaining material. The lining is composed of 1:3:6 concrète. Every 200 
feett staggered on each side of the tunnel, are placed refuge niches as shown 



in Fig. 131. Thèse niches are 7 feet high and 3 feet wide with semicircular 
tops. Ail exposed corners and edges are rounded to a 1-inch radius. Whtie 
the section given in Fig. 131 is for a single track the same methods of c 
tion and gênerai clearance distances apply to double track construction. 
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Type E, Fig. 132, shows a cross section designed 
yielding material. The concrète lining is mixed in 
and is provided with refuge niches similar to thos 



:o meet the condition of 
the proportion of 1:2:4 
: described in Type D. 



The 12 by 12-inch whJte oak ribs carrying the lagging are spaced 5 feet c 
ters. The quantîties per lineal foot are tabulated in Fig. 132. 



. IM.— STAHDABD DODBLE-TRACK TCHNSL FAÇADE, N. Y C. A H. I 



STANDARD TUNNEL FAÇADE.— The standard façade for the différ- 
ent types of tunnels described above is shown in Fig. 134. With the exception 
of the arch ring, which is of scabbled granité, the entire façade is of concrète 
mixed in the proportions of 1:3:6 for the main body and of l:2;4 for the 
coping. 



NEW BERGEN HILL TUNNEL. D., L. & W. R. R.— As will be seen from 
the cross section in Fig. 135, this tunnel is 30 feet wide in the clear, 23 feet 5 
inches high from the base of the rail to the crown of the roof arch, and bas a con- 
crète lining of a minimum thickness of two feet. The length of the tunnel is 
4,280 feet and at two points located at about one-third the length of the tunnel 
from each portai it is connected to the old tunnel, which is immediately along- 
side the new one, by an open eut extending across the four tracks, 100 feet long 
and 80 feet wide. 

At about the center of each of the sections, into which thèse open cuts divide 
the tunnel, shafts 10 feet long and 30 feet wide were sunk to the new tunnel. 
Thèse shafts and open cuts were used to good advnatage in moving the waste 
macerial from the headings and they also greatly facilitated the work of placing 
the concrète Hning. 



The concrète, which was mi^ed in the proportions of 1:2>^:5, was placed 
so as not to require tamping and was carefuUy spaded from the face of the 
forms which were lined with No. 20 gauge sheet steel well greased. This re- 
sulted in giving the exposed surface of the concrète a smooth metallic appear- 
ance which required no further finishing. 
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FIO. 135.— CROSS SECTION, NEW BERGEN HILL TUNNEL. 

The development of the portais is shown by the photograph in Fig. 133, and 
the roadbed construction is described in détail on page 178, Chapter XV. 

The tunnel was designed and built, during years 1906 to 1908, under the 
direction of the engineering department of the Delaware, Lackawanna and Western 
Railroad, Mr. Lincoln Bush, chief engineer, and the lining was put in by Arthur 
McMuIlen & Company, contractors, New York. 
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CHAPTER XV. 

CONCRETE TIES AND ROADBEDS. 

TIES. 

One of the most serious and perplexing questions which confronts the rail- 
road engineer of to-day is the tie problem. As an évidence of thts, during the 
year 1907 the raiiroads of the United States used approximately 118,000,000 
ties, a very large percentage of which were renewals. 



FIG. 136.— COnCRBTB TtBS ON INTERHATtONAL RT., BDPFALO. 

This vast inroad upon the limited and rapidly decreasing supply of timber 
has caused wooden ties to become poor in quality and high in price, with a 
resuit that raiiroad engineers realize the necessity of procuring a substitute 
and bave been experimenting with concrète ties of various designs for the 
past few years. While none of thèse ties hâve been tested long enough under 
heavy and high speed trafiic to warrant selecting any one as a proper substi- 
tute for the wooden ties under ail conditions, the success of some of the ties 



tested thus far has been great enough to convince raiiroad engineers who hâve 
given the most study to the subject that a prôperly reinforced concrète tie with 
proper fastenings is a practical and economical tie, at least for tracks where 
the speed is low and where conditions are adverse to the life of wood or métal. 
There is no question but what concrète ties are entirely suitable and economical 
for use in yards and sidings and that there is an enormous place for their intro- 
duction into this iîeld alone. 

Concrète ties possess certain natural advantages over either timber or steel 
inasmuch as dampness, drawn fires and insects hâve absolutély no effect upon 
them. In addition, they are practically independent of the steel and timber 
market, and can be made along the Une of the raiiroad, and, as compared with the 
chemically treated timber or the steel tie, at a reasonable cost. 

Concrète ties hâve been in successfui use in Indo-China, where a very pecu- 
liar species of ant destroys wooden ties in a few months, for about ten yearr. 
At the présent time it is estimated that there are over 1,000,000 of thèse ties in 
service. They are of an inverted T-section, the flange of which is laid on the 
ground, the stem being vertical. The rails are fastened by bolts which are 
imbedded in an enlargement of the stem where the rails pass. In Italy concrète 
ties hâve been tried with such success that the Italian govemment has recently 
placed an order with various manufacturers in Italy for 300,000 concrète 
ties. 

In the design of a successfui tie there are a number of important functions 
that seem to be more or less overlooked in many of the ties thus far built. 

Cushion blocks, if used, should be removable, and the fastenings be of such 
a nature that they will neither hâve a tendency to shake loose nor be inaccessible, 
and may be renewed if injured. 

Inasmuch as automatic block signalling is being extended very rapidly upon 
practically ail of the railroads, it is important that the rails should be insulated, 
and therefore it is necessary to place suilîcient concrète between the métal in 
contact with the rails and the longitudinal reinfo rcemen t. 

Many long ties hâve failed from the fact that they were not designed to act 
as cantilever beams, thus being unable to withstand the severe shocks.coupled 
with the sinking of the tie under passing loads on center bound track. The diffi- 
culty experienced with tie blocks has been in keeping them in longitudinal posi- 
tion and maintaining them so that the vertical deflection of one rail will not greatly 
exceed that of the other, thereby causing rolling and pounding of the equip- 
ment. 

Finally, ties should be of sufficient strength to support derailed cars and 
engines until they are off the ends of the ties and actually into the ditch; other- 
wise, an ordinary derailment may become a serious wreck. 
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œNCRETE ROADBEDS. 

While the original cost of a solid concrète roadbed îs greater than the 
ordinary cross-tie construction, it is undoubtedly more economical in the end 
for tunnels and subways; especially so where space is cramped, trafic hea\-y. 
and a track cannot be temporarily abandoned, and where with the runninp 



FIG. ISS.— SXPERIUEHTAL CONCRETE ROADBED, N. Y. C. ft H. R. R. R. 

raiis, guard rails and third rails attached to the long ties — as in the case of elec- 
triBed Unes — it is extremely difficult and very expensive to maintain and tamp 
up track to surface and make tie renewals. 

AIso, it can be used to great advantage and economy in rock and earth cuts 
where there is always a large maintenance expense to keep ditches open and track 
in good surface. 

In addition to the question of ultimate economy, the solid concrète road- 
bed is especially commendable for tunnel and subway construction from a 
hygienic standpoint; for in most tunnels and subways ventilation is dilïicult 
and the accumulation of grease, dirt. and débris, which is readily held by the 
ballast of the cross-tie track construction, is a serîous menace to the heaith 
of the passengers. This can be ehminated in the solid concrète construction 
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r and kept in a neat, clean and 



as the entire roadbed can be fluiihed with t 
sanitary condition. 

ROADBED CONSTRUCTION OF THE NEW BERGEN HILL TUN- 
NEL, D,, L. & W. R. R. — ^The drawings in Fig. 140 show the essential features 




i'xlô'AnchorBolfs 



PLAN 

FIG. 140.— COnCRBTB ROADBBD, HBW BBRGSIf HILL TITNIfSL. 



the concrète, and can be driven in to takc up any looseness due to shrinkage or 
wear. The wedge Js held in place by a lag screw extending about 2 inches inio 
it through the guard rail. As will be scen from ihe drawings, the guard rail is 
fastcned to the tie blocks by lag screws, and is aiso anchored to the concrète 
by anchor bolts. 

To replace the tie blocks, the lag screws are removed, the wedge with- 
drawn, the tie block moved forward until the shoulder of the block clears the 



— BKIDC8 WITH COHCRETE FLOOR, lU,. CBHTRAL K. R. 



shoulder in the concrète, and the tie block is then pulled oui laterally without 
disturbing the adjacent lie blocks or rail fasienings and without raising the rail, 
thus not interfering with traffic. 

hese tie blocks and wedges, while with the ordînary 
ruction it is necessary for a gang of men to dig out 
ce a tie, and it aIso is necessary to protect traffic while 

n the track superstructure were one part cernent lo 
1 and sand, and in the sub-base the proportions were 
s of crushed stone and sand for bringing the sub-base 



The table on page 183 gives an estimated cost of the ballasted roadbed con- 
struction for double track. So far as the amount of tunnel excavations and the 
cleaning up of muck under the roadbed are concemed, the cost would be the 
same whether ballasted track or concrète roadbed were used, but with the con- 
crète roadbed the tile drains and trenching for ditches for the drains are elimi- 
nated. The estimated total cost, including the conduits, tile drains, creosoted 
ties, etc., as detailed, for the ballasted double track, for a length of 4,280 feet 
amounts to $62,568.87, which would be at the rate of $14.62 per lineal foot of 
double track. If the conduit construction is eliminated from considération, the 
total cost amounts to $43,429.87, or $10.15 per lineal foot of double track. 

On page 184 is given a detailed statement of the actual cost of the concrète 
roadbed construction, which does not include any estimate for the concrète sub- 
base under the finished track superstructure. The statement in détail shows the 
actual cost for 4,280 lineal feet of double track as taken from the company's 
invoices and records. It will be noted that this statement includes the two lines 
of 12-hole conduits. ■ ' 

The railroad fumished sand, stone and cément for the concrète work, and 
the price of $6.25 per cubic yarjl-^feiven in the detailed statement for concrète 
roadbed includes the contractor's price, plus the cost of material. The contract 
provided that the contractor would lay the conduits, the railroad company to 
fumish the material and the contractor to receive the same price per cubic yard 
for the work as he received for the balance of the concrète work, for tunnel lin- 
ing, namely $3.50 per cubic yard. This price of $3.50 per cubic yard included 
everything, excepting sand, stone and cernent. The company assembled the 
tie blocks and rail and the cost of thèse items is included in the detailed state- 
ment. The cost thus figures $14.26 per lineal foot of double track. Eliminat- 
ing the conduit construction from considération, the cost per foot of double track 
for concrète roadbed amounts to $13.18 per lineal foot of double track as against 
$10.15 per lineal foot of ballasted double track. Had the conduits been elimi- 
nated from the concrète roadbed construction, the superstructure could hâve 
been made about 4 inches less in height, which quantity would hâve practically 
made up for the area of concrète occupied by the conduits. 

So far as the maintenance cost is concemed, the concrète roadbed construc- 
tion has resolved itself into a question of simply track inspection, and one 
inspector during the night and one during the day is ail that is necessary. 
When a tie block must be renewed, it can be done without disturbing in any 
way the rail fastenings to the tie blocks on either side of the one to be renewed, 
and no removal of rail will be necessary. One man can readily replace a tie block 
8 inches by 8 inches by 2 feet 6 inches, and no interférence whatever would 
occur with traffic during such renewal, as an inch board could be placed under- 
neath the rail on top of the concrète, either side of the block to be renewed, for 
temporary support. 
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Still another detailed statement is given below showing the actual cost to 
the Company per annum to maintain ballasted track in the présent old Bergen 
Hill Tunnel, which is of the same length as the new tunnel, the traffic through 
it veîng very heavy. Capitalizing the investment for ballasted track construc- 
tion and for concrète roadbed construction (including conduits) at 4 per cent, 
and taking into considération the différence in cost of maintaining, shows from 
thèse figures that the saving per annum in cost per mile of double track (with 
conduits) amounts to $7,107.32, and without conduits the saving per annum 
per mile of double track concrète roadbed would be $6,389.42. 



ESTIMATED COST OF BALLASTED TRACK CONSTRUCTION FOR 

DOUBLE TRACK THROUGH NEW BERGEN HILL TUNNEL 

OF THE DELAWARE, LACKAWANNA & WESTERN 

R. R. AT JERSEY CITY, N. J. 



Length of tunnel — 4,280 feet. 



232 Gross tons 91-lb. spécial open hearth rail, 

520 Pairs of angle bars 

3120 Spliced bolts 

3120 Nut locks 

8835 Tie plates, 6" Xj^^XQ" 

520 Joint tie plates, 6'' X 3^" X 1 r 

18710 Spikes 

4677 Creosoted Y. P. ties, 7''X9"X8 ft. 6" 

6737 Cu. yd. stone ballast, delivered 

17976 Lin. ft. of vitrified 6-hole conduits, 5% allowed 
for breakage 

5720 Yd. drilling for wrapping conduit joints 

2035 Cu. yd. rock excavation for tile drains 

8988 Lin. ft. 8*^ drain tile, 5% added for breakage 

2000 Cu. yd. of extra concrète for conduits 

8560 Lin. ft. single track laying and surfacing 

586 Cu. yd. concrète voids occupied by conduit 



@ 


$34.00 


$ 7,888.00 


(§> 


1.07 


f 556.40 


@ 


■Oi'A 


104.00 


@ 


.009 


• 28.08 


@ 


.131 


1,157.38 


@ 


.171 


88.92 


@ 


■OlH 


327.40 


@ 


2.10 


9.821.70 


@ 


1.00 


6,737.00 


@ 


.225 


4,044.60 


@ 


.095 


543.40 


@ 


7.00 


14,245.00 


(& 


.085 


763.97 


@ 


6.25 


12,500.00 


@ 


.20 


1,712.00 


@ 


3.50 


2,051.00 



$62,568.87 



$62,568.87 -4- 4280 = $14.62 per foot of double track. 

If conduits are eliminated from considération, cost would be $43,429.87. 

$43,429,87 -î-4280 = $10.15 per foot of double track. 
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DETAILS OF ACTUAL COST OF CONCRETE ROADBED COX- 
STRUCTION FOR DOUBLE TRACK THROUGH NEW BERGEN 
HILL TUNNEL OF THE DELAWARE, LACKAWANNA AND 
WESTERN RAILROAD AT JERSEY CITY, N. J. 

Estimate includes electric wire conduits. Length of tunnel, 4280 feet. 

232 Gross tons 91-lb. spécial open hearth rail, $34.00 S 7,888.00 

520 Pairs of angle bars, 
3120 Splicebolts 
3120 Nut locks, 
8835 Tie plates, 6'' X K*" X9^ 

520 Joint tie plates, ô^'X^^^^XlT, 
17976 Lin. ft. vitrified 6-hole conduit, 5% allowed for 

breakage, 
5720 Yd. drilling for wrapping conduit joints, 
9360 Creosoted yellow pine tieblocks,8''X8"'X2 ft.6^ 
9360 Creosoted yellow pine wedges, 2/<*' X 8*^ X 2 ft. 6^ 
17680 Intermediate rail clips, 
18720 Pièces round iron l''Xl5*' for reinforcement, 

1040 Joint rail clips, 
18720 Lag screwspike, }/%" X IVi^ 
9360 Lag screws for guard rail, fXll* 
9360 Washers for guard rail, H''X3^ 
9360 Wedge lag screws, >^''X7^ 
18555 Lin. ft. of Y. P. creosoted guard rail, 5''X8'', 
4680 Guard rail anchor bolts, 5>8''Xl8^ 
4680 Guard rail washers, H''X3^ 
4680 Anchor nuts, l]/^" sq. X IX^thick, 
4680 Paraffine tubes for anchor bolts, 
3754.4 Cu. yd. concrète, 

1019.2 Cu. yd. concrète voids occupied by tie blocks, 
wedges and conduits, 
Labor and engineering for assembling and fasten- 
ing complète, the tie blocks, wedges, guard 
rail, rail, rail joints, screws, spikes, etc., 8560 
lin. ft.. 



1.07 


556 . 40 


03M 


104.00 


.009 


28.08 


.131 


1,157.38 


.171 


88.92 


.225 


4,044 fO 
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543.40 


45.00 


5,616.00 


45.00 


1.579. :o 


.039 


689.52 


.06^ 


1,185.(0 


.051 


53.04 


.046 


861.12 


'034 


318.24 


.03 


280. fO 


.013 


121.68 


45.00 


2,783.25 


.081 


405 fO 


.03 


140.40 


.08 


374 . 40 


.005 


23.40 


6.25 


23,465.00 



3.50 



3,567 . 20 



60 



5,136 00 



$61,011.53 
$61,011. 53-h4280 = $14.26 per linear foot of double track with conduits and 

wrapping. 
$56,423.53, total cost, exclusive of conduits. 
$56,423.53 -r 4280 = $13. 18 per linear foot of double track. 
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COST PER ANNUM BALLASTED TRACK (With Conduits) 

$62,568;87. @4% $ 2,502.75 

Track maintenance, 

$565.00 per mo. X 12 6,780.00 

Length of 4280 ft $ 9,282.75 

$9.282.75 X ^^ $11,451.57 per mile 

4280 



COST PER ANNUM BALLASTED TRACK (Without conduits) 

$43,429.87, @ 4% $ 1.737.19 

Track maintenance, 

$565.00 per mo. X 12 6,780.00 

Length of 4280 ft $ 8,517.19 

coon 

$8,517.19 X $10,507.20 per mile 

4280 

COST PER ANNUM CONCRETE ROADBED (With conduits) 

$61,011 .53, @j 4% $ 2.440.46 

Track maintenance, 

$90.00 per mo. X 12 1,080.00 

Length of 4280 ft $ 3,520.46 

coao 

$3,520.46 X — $ 4,344.25 per mile 

4280 

COST PER ANNUM CONCRETE ROADBED (Without conduits) 

$56,423.53, (§j 4% $2,256.94 

Track maintenance, 

$90.00 per mo. X 12 1,080.00 

Length of 4280 ft $3,336.94 

coon 

$3,336.94 X - $4,117.78 per mile 

4280 

This roadbed construction was designed and patented by Mr. Lincoln Bush, 
who was at the time Chief Engineer of the Delaware, Lackawanna and Western 
Raiiroad. 
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CHAPTER XVI. 

TELEGRAPH POLES, POWER TRANSMISSION POLES AND 
TOWERS. 

TELEGRAPH POLES. 

Owing to the iticreasing scarcity and inferior quality of wood, which has 
herecofore been used exclusively for celegraph and trolley pôles, engineers 



FIG. lU.— CONCRETE TELEGRAPH POLES, P., L. W. OF P. 

have been experimenting wîth reinforced concrète for a number of years with 
the resuit that pôles bave been designed wbich are meeting the requirements 
in every way. 

Among the advantages of the reinforced concrète pôle, the facts are that 
Unes thus equipped have practically no trouble from lightning, the reinforcing 
rods apparently acting as conductors of electricity; that the pôle requires no 
preservative or paint to protect it from the ravages of weather, as is the case 
with wood or steel; and that it is elastic enough to withstand ail ordinary 
shocks. 
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That a reinforced concrète pôle of economical dimensions possesses the 
requisite strength bas been demonstrated both în this country and abroad by 
experiments* on concrète and wooden pôles of the same sizes. 

In 1907 Mr. Robert A. Cummingst made some conprehensive tests for the 
Pennsylvania lines west of Piitsburg on reinforced concrète and white cedar 
pôles, which resulted in showing that the concrète pôle was not only stronger 
than the wooden pôles but aiso that, after breaking, the end was held in a 




^LeVAT/CW ^£Cr/0// AT BASE 

FIG. l«.-COKCRBTK TBIBGRAPH POLBS, P.. L. W. DP P. 



, 190J, p. 168; Concrele, Marrh, tgi?, j 



stightiy inclined position by the reinforcement, while the wooden pôle fractured 
completely and fell to the ground. 

Mr. W. W. Bailey* made some very thorough tests in 1908 of reinforced 
concrète and oF cedar pôles 30 feet long and embedded 5 Feet in the ground. 
Both pôles were 7 inches at the top and 12 inches at the ground line. The 
concrète pôle was reinforced with four J-inch twisted sieel rods bound to- 
gether with No. 9 binding wire, With a horizontal pull at the top of 1,780 
pounds, the concrète pôle deflected 17 inches and broke from a horizontal pull 
of 7,200 pounds with a deflection of over 6 feet before falling, whilc the wooden 



FIG. IM.— TICKLER POLES, H., C 4 ST. L. RY. 

pôle, with a pull of 1,7R0 pounds, deflected 33 inches and broke at 2,200 pounds. 

In gênerai concrète pôles are designed with a square section, with the cor- 
ners chamfered off, tapering from bottom to top and with tapering reinforce- 
ment, thus meeting the condition of the decreasing strain, which is of course 
greatest at the ground line and decreases toward the top where the strain is 
applied. Aside from telegraph pôles such as are described below, concrète bas 
been used to good advantage in the construction of tickler pôles, a successful 
type of which is described on page 191. 

•Concrète EnRincerine, March, 1909. p. 6?. 



TELEGRAPH POLES. P., L. W. OF P.— The drawing in Fig. 144 shows 
the détails of pôles designed by Mr. F. M. Graham, Engineer, Maintenance of 
Way, which the Pittsburg, Ft. Wayne and Chicago division of the Pennsyl- 
vania Raiiroad are installing along their hnes. Thèse pôles range in height from 
25 to 34 feet and are 8 inches square at the bottom, tapering to 6 inches square 
at the top, with the corners chamfered two inches. The rein force ment con- 
of 24 ^-inch wires running the full length of the pôles. Holes are left in the 
pôles for the brace and cross arm bolts and aiso for the climber steps. The pôles 
are built at gravel ptts along the line and a wet mixture of 1 cément to 3 
sand to 3 of gravel is used. After the pôles hâve cured, ihey are hauled out 
on cars to the point of érection where they are set four feet in the ground and 
bedded in stone screenings. The photograph in Fig. 143, page 187. shows thèse 
pôles in actual service. 
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IG. 147.— DETAILS OF CONSTRUCTION. BROWNS- 
VILLE TRANSBnSSION TOWERS. 



TICKLER POLES, N., C. & St. L. 
RY. — In 1904 the Nashville, Chattanooga 
and St. Louis Railway, Mr. Hunter Mc- 
Donald, Chief Engineer, erected four 
bridge wamings using concrète pôles for 
supporting the waming straps or ticklers 
which hâve given such satisfaction that 
they hâve been adopted as standard for 
that purpose. Thèse pôles, the détails of 
which are shown by the drawings in Fig. 
146, and by the photographs in Fig. 145, 
are 8 inches square at the bottom and 6 
inches square at the top, and are rein- 
forced for the fuU legnth of 29 feet with 
four ^-inch round rods banded every foot 
with No. 12 soft wire. The tickers on 
two of the pôles are carried by cross-arms 
and braces of concrète cast with the pôle, 
but since it was found that the concrète 
cross-arms were expensive as well as so 
heavy as to cause the pôle to bend to an 
unsightly extent, gas pipe cross-arms were 
used instead and found satisfactory in com- 
bination with the concrète pôle. 

POWER TRANSMISSION POLES 
AND TOWERS. 

In the long distance transmission of 
electrical energy from one point to an- 
other, it is necessary from an economical 
standpoint to use longer spans than wood- 
en pôles can safely carry. This condition 
led first to the adoption of steel structures 
which not only had the effect of increas- 
ing the initial cost and cost of mainte- 
nance, but also necessitated a wider right 
of way than single pôle construction. To 
eliminate thèse disadvantages and at the 
same time obtain a pôle of suflScient 
strength for long span construction engi- 
neers tumed to reinforce concrète with the 
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resuit that pôles hâve been designed which after several years of trial are proving 
entirely satisfactory. 

In constructing concrète power transmission pôles, both hollow and solid 
sections are employed. An example of the former type is the Brownsville 
tower described below, while the pôles which the Lincoln Electric Light and 
Power Company* use to carry their wires over the old Welland Canal at St. 



no. 148— BROWNSVULB transmission TOWERS, WEST PENN. RAILWAYS CD. 

Catherincs, Ontario, are noteworthy examples of the latter type. Thèse con- 
sist of reinforced concrète pôles 150 feet high, 142 feet beîng above the ground. 
They are 31 inches square at the base and U inches square at the top and are 
reinforced with four 2K-inch round rods. The pôles were made horizon- 
tally on the ground and raised into upright position by means of a pair of shear 
legs. 

BROWNSVILLE TRANSMISSION TOWERS.— In the spring of 1907 
the West Pennsylvania Raiiways Company was confronted with the problem 
of supporting a high potenrial power transmission Une across the Mononga- 
hela River at Brownsville, Fa., a distance of 1,014 feet, and at the same tîme 
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of keeping the cable 19}^ feet above the low water mark, as required at that point 
by govemment régulations. 

On the Brownsville side of the river no tower was necessary, as a firm anchor- 
age could be obtained in the sub-station of the company. On the opposite side, 
w^here a tower was found necessary, it was decided to build a main tower, as 
close to the river as possible, designed to carry only the weight of the cables 
and the wind pressure against the cables and the tower itself, and 230 feet back 
of this a shorter tower designed to serve as an anchorage taking the direct strain 
of the main span. 

In order that the main tower, the gênerai détails of design and construction 
of which are shown by the drawings in Fig. 147, might be designed for practi- 
cally the wind stress alone, a spécial roller bearing saddle was devised for car- 
rying the cables over the tower without a rigid connection. Both towers were 
designed as cantilever beams. The wind pressure considered in connection with 
the wind stress on the cables was taken as 40 pounds per square foot and the load 
on the cables as 20 pounds per square foot of projected ice-coated section. The 
cables themselves were treated as catenaries, the maximum unit load therefore 
being the résultant of the weight of the cable and the ice in a vertical direction 
and the wind load in a horizontal direction. With a maxium allowable sag 
of 36.6 feet and a minimum sag of 33.4 feet, there is assumed to be a pull of 
122,000 pounds exerted on the anchorage tower at an average height of 3S}4 
feet above its base. 

The photograph in Fig. 148 shows both the main and the anchorage towers. 
The main tower, which rises 115 feet above its foundations, is pyramidal in 
form, being 8 feet 2 inches square at the base and 1 foot square at the top and 
has hollow walls 1 foot thick up to a point 84 feet above the base, where the 
section becomes solid. The anchor tower, which is of solid section through- 
out, is 4 feet by 10 feet at the base and batters up to a section 1 foot square at 
41 feet 1 inch above the base, from which point it is of uniform section up to the 
full height of 55 feet. 

In addition to the vertical reinforcing rails shown in Fig. 147, two spirals 
each of J^-inch cable, were wound 1 foot apart, thus making a 2-foot'pitch for 
each cable. Gravel concrète mixed very wet was used throughout, the foot- 
ing being mixed in the proportions of 1:2 J/iiS and the walls in the proportions 
of 1:2>^:4. 

Falsework 12 feet square was built for both towers sufficiently in advance 
of the wooden form so that both the forms and the 30-ft. reinforcing rails 
might be raised into position. For the exterior forms, three sections 6 feet 
high were made for each tower. One section was filled each day, and on the 
third day the bottom section was removed, eut down to the proper section and 
used above. Before filling the form, each was given a thin coat of motor 
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grease. The interior forms for the main tower consisted of hemIocL shcath- 
ing backed up by 2 by 4 inch bracîng and were left in the tower. 

The concrète was mixed in a No. 1 mbcer, driven by a 10-horse power belt 
connected electric motor and was hoisted to the required élévation by a frtctioD 
hoist operated by a lyi horse power single phase motor. 

The towers were designed and constructed by the West Penn. Railwayi 
Company under the gênerai direction of Mr. W. E. Moore, General Manager, 
and Mr. J. S. Jenics, Superintendent of Transmission, with Mr. F. W. Scheid- 
enhelm, Structural Engineer, in direct charge of design and construction. 
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CHAPTER XVII. 



POSTS AND FENCES. 

The growing scarcity and the increasing cost of suitable timber for posts 
has brought concrète into quite gênerai use. Concrète posts possess the ad- 
vantage over wooden ones not only of uniimited life, greater strength and ré- 
sistance to the action of fire and decay, but also they présent a more pleasing 
appearance. 

As to the adaptability of the concrète post to raiiroad use, the committee 
appointed by the American Railway Engineering and Maintenance of Way Asso- 
ciation* to investigate this subject reported to the annual convention at Chicago 
in March, 1909, in part as foUows: 

"From observation of concrète fence posts your Committee considers 
that the concrète fence post will heave very little or not at ail, as posts set 
from two to five years are at présent in almost perfect alignment, and not 
a loose or broken post was found. They appear suflSciently strong for ail 
practical purposes after being properly cured and set. The claim that con- 
crète posts, reinforced with steel, form lightning protectors appears rea- 
sonable. They will, of course, resist the action of fire and decay. They 
will not float and cannot be displaced so easily as wood posts. On the other 
hand, concrète posts must be carefuUy handled in loading and unloading 
and well cured before using. Fence wire in contact with their surfaces should 
be well galvanized. 

"The concrète post is much heavier than the wood post and the cost 
of distributing is about 25 per cent greater. 

"It would seem that the concrète post is particularly adapted to raii- 
road use. Most of the post machines are cheap and portable and the ma- 
terials used are in daily use on ail roads using concrète. The materials are 
cheap and easily obtained." 
In regard to the various types and methods of making such posts the same 
committee after corresponding with over twenty manufacturers of posts and 
post-making machinery in the United States and Canada reported that: 

"A majority of thèse firms use or advise the use of Portland cément 
and gravel ranging from the size of sand to pebbles which will pass a wire 



^Bulletin No. 107, January, 1909, p. 323. 
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screen having meshes of from yi to \ inch square. The ratio of cernent 
and gravel is as 1 to 4. The methods of reinforcing and tamping concrète 
posts vary almost as much as those of fastening the fence wire to the 
posts. The machines are of various capacities and design — from the onc 
post hand mold to the *post per minute' power machine, with contînuous 
mixer attachment. The average total cubic contents of the 7-foot post is 
0.825 cubid feet, of the 8-foot post, 0.95 cubic feet. The weights vary from 
65 pounds to 95 pounds, according to methods of manufacture and rein- 
forcement used. Concrète posts retail for from 25 cents to 35 cents per 
post. End and gâte posts are of about three times the volume and cost 
of intermediate posts. In section concrète posts vary from square or rec- 
tangular to triangular, half round and circular. Reinforcements are of 
wire, wood, strap steel, steel and wire truss, wood and wire truss, chain 
scrap strips and expanded métal. Fence wire fastenings are also of vari- 
ous forms, from the wire loop around the post to the patent staple encase- 
ment. 

**A1I the posts observed taper from a smaller top to a larger base. Somc 
hâve very wide concrète bases." 

FENCE POSTS.* 

Concrète fence posts are either constructed in advance and put in place aftcr 
they hâve set sufficiently hard as not to be injured by handiing or are moulded 
in place. The posts in Dellwood Park described on page 197 are examples of 
the former type of construction, while the posts along the Harlem division of the 
New York Central and Hudson River Railroad, described on page 197, exem- 
plify the latter. Fig. 150 is a suggested design of forms for fence posts when 
constructed in advance. As will be seen from the sketch, the posts are madc 
with every altemate post lying the opposite way, thus making one intermediate 
board serve as a side to two posts. 

As stated in the excerpt from the committee report given above, there arc 
a variety of means for fastening fence wire to the post. Two methods arc 
illustrated in Fig. 150, one being by embedding in the concrète a pièce of No. 
12 copper wire, 12 inches long bent in half with the halves twisted together 
and with the ends projecting from the post about two inches, to which the 
fence wires are connected, while the other consists in leaving a hole in the 
concrète through which the fence wire can be strung. This is done by placin^; 
well greased round rods or wood dowels in the post forms at the desired spots 
and leaving them in the concrète about a day, when they can be readily rc- 
moved. A very simple and satisfactory method is to use large galvanized 



•Methods of making concrète posts are treated in "Concrète Construction for the Home and ihc 
Farm," pubUshed by The Atlas Portland Cément Company. 
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Staples having their ends bent so as to hook înto the concrète, while still another 
way is by boltmg a galvanized iron strip to the post as was donc in the case of 
thc Dellwood Parle posts described on page 197. 

STANDARD CONCRETE FENCE PÔSTS, N. Y. C. & H. R. R. R.- 
Fig. 152 gives the détails of design and construction of thèse posts while the 
photograph in Fig. 151 shows the forms in place preparatory to pouring the 
concrète. 

Mm 



FIG. IM.— FORHS AND FENCE POSTS. 

The main posts are made of 1:3:6 concrète poured very wet, while the foot- 
ings for the intermédiare iron posts are mixed in the proportions of i:A:l\4- 
The forms are taken down 12 hours after being filled and the green concrète is 
floated with water and rubbed with a 1:2 cernent and sand brick until the desired 
tînish is attained. 

In making thèse posts ail the material is unioaded from a work train in 
advance of the job and a gang of six men do the work, two men excavating holes, 
two setting up the forms and two mixing and placing the concrète. 

DELLWOOD PARK FENCE POSTS, C. & J. RY.— The posts shown 
in détail by the drawings in Fig. 154 and by the photograph in Fig. 153 were 
built by the Chicago and Joilet Electric Raiiway to support the galvanized 
iron woven wire fencing which encloses its amusement resort at Dellwood 
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IBEAM POST DETAILS 

u lS2-C0nCR£TB FSHCB I>OSTS. It. T. C. A H. R. R. 



Park. They are spaced 10 feet on centers and are 7 and 9 feet long, 4 inches 
by 6 inches at the bottom and 4 inches by 4 inches at the top and are reinforced 
by four J^-inch corrugated bars, one at each corner. The wire fencing is attached 
to them by 3 H by 1 inch galvanized iron strip bolted to each post through holes 
cast in the laccer as Jt was made. Each post was cast in a separate wooden 
mould laid flat on a 2 by 8 inch plank, as shown in Fig. 154, and was allowed 
to season at least a month before being set in place. They were made of 1 part 
Atlas Portiand Cernent to 2 parts stone screenings, ranging from dust to >^-inch 
pièces. 
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The posts in the corners and at angles in the fence are made of larger sec- 
tions than the others and are reinforced with a 2yi by 2yî by % inch angle. A 
concrète brace is extended from each of thèse posts to the base of the adjoining 
regular posts which are set in concrète, ail other posts being simply set in the 
ground and tamped around. Two men were engaged in making thèse posts 
and could produce about forty a day at an average cost of 65 cents for the 9- 
foot posts. The price is rather high owiog to the expensive fittings, the cost of 
materials and methods of fastening the wire to post. 
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CONCRETE FENCE POSTS, B. k O. R. R.'— The Baltimore and Oh» 
Raiiroad concrète fence posts are of unifortn size, 5 by 5 inches, and are rein* 
furced with four ^-inch rods. Wîres are built into the back of the post pro- 
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FIG. 154.— DETAILS OF^COMSTRUCTION, DELLWOOD PARS PBRCE POSTS' 



jecting four inches, to which the woven wire fence is attached by means of pliers. 
Thèse posts placed cost 44>i cents each. 



MILE POSTS. 

Fig. 155 shows a type of concrète mile posts in use on the Unes of the Chi- 
cago and Eastem Illinois Raiiroad that is meeting with success from a stand- 
point both of maintenance and permanence. As will be seen from the draw- 
ing the post is 8 by 8 inches square and 8 feet long, with 4 feet 6 inches above 
ground. 
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The post, which weighs 498 pounds, is composée! of concrète mixed in the 
proportions of 1 part cernent to 1 part sand to 2 parts crushed stone and b 
reinforced for the entire length with one 1-inch comigated bar placed in thc 
center. 

In moulding the posts the form is laid with the letters on the bottom, and 
the sides are plastered with mortar to a thickness of >^ inch before the ordinan* 
concrète is put in. 

The black .face concrète of the lettered panel is colored with y^ pound of 
lampblack mixed with 1 quart of cément in water, and is separated from the 
white concrète above and below by two recesses across the face of the post. 



WHISTLE POSTS. 

The posts in Fig. 156 represents a typical concrète whistle post in use on thc 
Chicago and Eastem Illinois Railroad. Aside from the shape of the cross sec- 
tion, which is in the form of a T, the essential détails of construction are the same 
as for the mile-post on the same road described above. Thèse posts are set 
at points 10 feet to the right of the track center and 2,000 feet each way frora 
highway crossings. 

The Lake Shore and Michigan Southern Railway use concrète whistle posts, 
made in moulds like blocks, which are Syi inches thick, 12 inches wide and are 
set about Syi feet above the ground. The letters and signs are cast right in the 
post and are painted black. 



CLEARANCE POSTS. 

Fig. 157 shows thé design of concrète clearance posts on the Chicago and 
Eastem Illinois Railroad, which are set between main track and siding at a point 
where the distance between centers is 10 feet. Thèse posts are 6 by 6 inches 
square and are reinforced for the entire length with either a ^4-inch scrap gas 
pipe, a ^-inch corrugated bar or four No. 9 wires. 



PROPERTY LINE POSTS. 

Fig. 158 represents the standard concrète property Une posts which are set 
with the center on the property Une and with the letters facing the track. 
Thèse posts are made in triangular section and are reinforced for the entire 
length with a 3^-inch scrap gas pipe or a J^-inch corrugated bar or four No. 9 
wires. 
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FENCES. 

In places where a substantial fence is requîred ultimate economy, strengih. 
durability and a pleasing appearance can be attained by the use of reinforced 
concrète. Two types of concrète Fences hâve been tried with success, viz.: solid 
reinforced concrète and cernent plaster on meta) lath. 

The solid type of fence generally consists of a vertical slab of reinforced con- 
crète about 3 inches thick with a rounded moulding like a hand rail on the uppcr 
horizontal edge. 



FIG. 1».— FBKCE AT AVENUE J, 1 



PLATFORM FENCES. 



An example of the plaster type of fence is described below: 

PLATFORM FENCES, BROOKLYN RAPID TRANSIT CD.— Thèse 
fences, which form guard railings on the outside and ends of the platforms de- 
scribed on page 106, Chapter VII, are 240 feet long, 4 feet 6 inches high, and 2 
inches thick and are surmounted by a railing 4fi inches high and 5 inches wide, 
The drawings in Fig. 160 show the essential détails of design and construction 
while the photograph in Fig. 159 shows the fence at Avenue J. Station. 



The rein forcement consists of meta) lath of No. 28 gauge and is carried 
in continuous sheets through the entire length of thc fence, except at expansion 
joints. The posts, which are 10 feet on centcrs, are reinforced with four }i- 
inch rods set deep in the concrète platform and the railing has two H-"nch rods 
running longitudinally with a strip of lath laid honzontally. The posts are 
formed by two short pièces of lath put in the shape of channels and placed 
around the reinforcing rods, one channel heing on each side of the reinforced 
sheet of the panels. 
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In constructing the fences the lath was heW in place by 1-inch angle stud- 
ding supported at the top by a 2 x 4 inch horizontal, braced to the platrorm. The 
scratch coat consisted of dry mixed 1.2 Atlas Portland Cément with an addi- 
tion of 6 per cent, of hydrated lime and the finish coat was made of 1 part Atlas 
Portland Cément and 2 pans sand. 

The lath reinforcing was erected by the Truss Métal Lath Co., New Yort. 
sub-contractors of Thos, G. Carlin, who had the gênerai contract for the work 
under the supervision of the Brooklyn Rapid Transit Co., Mr. W, S. Mendcn. 
Chief Engineer. 



FIG. 101.— HASEED TRUSS, SSTH STRBST, NEW VOKK, H. Y. C. et H. R. R. R. 



1. * ST. P. RY. 



TRIPLE ASCH BRIDGE, IlL. CBnTRAI. tt. R. 



CHUTE FOR DEPOSITING CONCRBTE, PAIHSVILLB BRIDG8. 



PODK-TRACK RBINPORCBD CONCRETE ARCH OVXR ORAHD RIVER, PAIKSVILLE, OBIO. LAKX SBOU 
& UlCmCAlf SODTHBRH RY. 
tottl Icoctii ot bride*. 381 (t. D in. RIh of aatm tnh, SB ft. 3 1k. TmI 
fk esd Brch, TD H. k. Cubic judi ol coatntc, 25,150. 



OVBRHBAD HIGHWAT BRIDGE, L. I. K. R. 



ARCH BRIDOB, SCHZKBCTADY, N. Y, H. T. C. ft H. R. R. R. 



GCILFORD ARCR BRIDGE, BIG FOUR RI. 



WinniPEG VIADUCT, CAHADIAH PACIFIC I 



X.CUI.VXRT DNDBR LOUISVILLB * HASHVtLLK R. R. FRBIGHT DEPOT, KAOZVILLE. 1 



DOUBLB BOX CUIVIBT, C^ B. * Q. K. R. 



PILB TBKSTLK OVER SAIT RIVER, C, B. & Q- R- R- 



FARROW CADGE TRÎSTLE. CATSXILL MODMTAIWS. 0TI8 ». I 



( HARgUBTTH K. M. 



BISMARK, K. D., DEPOT. KOKTHBRK PACIFIC R r. 



SAItTA BARBARA, CAL., STATION, SOUTHESn PACIFIC RY. 



TOKTBRS IMP. RBTAimNG WALL BBPORB PtLUHG. N, r. C. * H. H. tt. B. 



RBTAimnO WALL, D., L. * W. R. B. TRACK CLXVATIOII, NBWARZ, S. J. 



COAUnC STATIOn. POLLOCK. PA-, PIITSBDRG * LAKE ERIE R. 



CRtISB.1) 5T0»B HAUDimo TRISTl.. SPMI.OTOD. »ASS. 




MtAU COAl POCHK. MOUHAÏ 



H. J.. D. L. ft W. R. K. 



AIITHRACITB SCRBBntHGS POCKET. HBWARS. K. J,. 



SUPPORT FOR WATER TANK, WATERBURV, COHN., H. V., 



4n,000-GALLOn WATER TOWER, CANAKBA, YAQUIS * PACtFtC I 



BAKBRSriBLD. CAL., ROOHDROUSE, A.. T. A ST. P. RT. 



AKBSICAII MALTHIO CO. BLSVATOB, bdvtalo, h. t. 



SAlf BERNARDINO BOUNDHOITSE, A., T. k ST. F. I 



BUFTUO XOnilDHOIISB, LBHICB VALLBT, B. I. 



PORTAL 8TH STREET TONMEL, KAH5AS CITY. MO. 



IITTERIOR 8TH STREET TDNHBL. KAHSA5 CITY. «O. 



PORTABLE SDB-STATION, L. I. R. 



PATTERH STORAGE BUILDING, C. M. & ST. P. RT. 



."" >** 



s 



4< 

l 

I 

ï 



TfrtT^** 




